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Zoot Chute. In the processing of anthracite 
coal, the best-dressed coal chutes, these days, 
are wearing linings of Stainless Steel. For 
where ordinary carbon steel chutes wear out 
and have to be replaced in 2 months, chute 
linings of stainless steel give 5 years of effi- 
cient service. In addition to hundreds of tons 
of coal, 17,500 gallons of water flow over 
these chutes each day. 


OPPORTUNITIES 
WITH U.S. STEEL 


If you’re thinking about what you’re 
going to do after graduation .. . if 
you're interested in a challenging, 
Steel and the Stars seem unrelated. But in almost every attempt man makes to learn rewarding position with a progres- 
more about his universe, to build bridges to the unknown, steel plays a vital part. Here, sive company .. . then it will pay you 
for example, in the Palomar Observatory housing the 200-inch Hale telescope—world’s ta Sock ste: the opportunities with 
largest—the rotating dome with precision balanced shutters is made of steel, fabricated United States Steel. Your placement 
and erected by United States Steel. Only steel can do so many jobs so well. director can give you more details. 
or we'll be glad to send you the in- 
; Cy ro “ Freee og 4 , formative booklet, ‘““Paths of Oppor- 
BEEN RE is BS ee ct tunity.” United States Steel Corpora- 
“Svcree tion, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. 

Many farmers have dis- 

covered that they can 

greatly reduce cribbed 

corn losses _ resulting 

from moisture damage 

with USS American 

Flexi-Vents. These 

large, flexible steel 

springs, joined in long 

lengths, suitably spaced 

throughout the crib, 

provide ventilation for 

stored corn and guard 

against mold spoilage. 


SMITE D STATES STEEL snescemeeeenenm 


For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh, Pa. 
AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
Oil WELL SUPPLY . . TENNESSEE COAL & IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNITED STATES STEEL HOMES, INC. - UNION SUPPLY COMPANY + UNITED STATES STEEL EXPORT COMPANY + UNIVERSAL ATLAS CEMENT COMPANY 4-415 





A MESSAGE TO 
COLLEGE ENGINEERING 
STUDENTS 


from Dr. J. A. Hutcheson, Vice-president 
and Director of Research, 
Westinghouse Electric Corporation 
University of North Dakota, 1926 


To the young man bent on conquering the unknown 


Behind every successful career, there’s a driving force. 
An inspiration, an ambition—call it what you will—that 
spurs a man on. 

It has been interesting to me to watch the progress of 
the young men in our research departments . . . watch 
their ambitions take shape. Men, who only yesterday, it 
seems, came to us from the universities, and are now 
engaged in vital projects in our applied and fundamental 
research programs. These young men are exploring the 
unknown—looking for something better than ever before. 
It’s a challenging life—and a rewarding one. 


you can BE SURE...i¢ iS 


Westinghouse 
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But what does this mean to you as a graduate? It 
means your abilities, your education, and your ambitions 
may carry you to undreamed of heights. Here at 
Westinghouse, we recognize ambitions as well as abilities, 
and do everything in our power to encourage them. 
You are assisted in reaching your goals by means of 
carefully developed training programs. You are given 
the opportunity to pursue graduate work toward Masters’ 
and Ph.D. degrees. Here, you are treated as an individual. 

You who are bent on conquering the unknown are 
welcome at Westinghouse. G-10274 


For information on career opportunities 
with Westinghouse, consult the Placement 
Officer of your university, or send for 
our 44-page book, Finding Your Place 
in Industry. 


Write: Mr. R. E. Davis, Regional Educa- 
tional Co-ordinator, Westinghouse Elec- 
tric Corporation, 10 High Street, 
Boston 10, Massachusetts. 
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Simple enough now, van peer ascent was history-making in 1939. 
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Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine — 
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 


Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 


Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 


Helicopters of the future will be the product of 
tomorrow’s engineers. Sikorsky is young and grow- 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 


One of the four divisions of United Aircraft Corporation 


~» 


remember 


THE FIRST SUCCESSFUL HELICOPTER 


Perhaps you belong at Sikorsky — in the research 
departments, the drafting rooms, the engineering 
laboratories. 


You can remember the first successful helicopter 
— you may be the man to build tomorrow’s! Learn 
more about employment opportunities at Sikorsky 
from C. R. Banks, Personnel Department. 


IKORSKY 


South Avenue Bridgeport 1, Conn. 
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A true human equation? 


/. at General Motors think it is. 
For, as a writer in our Engineering Journal phrases it: 


“Every engineer must know how to make and 
read engineering drawings, because it is the 
basic method upon which all designing and 
subsequent manufacture is based. It is cer- 
tainly not a language to be learned only by the 
comparatively few draftsmen who will be pro- 
fessional writers of it. But rather it must be 
thoroughly understood by all who are con- 
nected with technical industry.” 


That’s why we take a dim view of the present trend for 
recent graduates to short-cut the drafting and design- 
ing room. For—not to mention the harm to the profes- 
sion and to the industries it serves—there is even greater 
harm to a young engineer’s chances to build a sound 
career for himself. 


So — in discussing the many opportunities that await 
the talented, hard-working engineering graduate who 
elects to join the General Motors family — we must be 
completely frank: 


Those opportunities often start on a drafting board. 


But on that drafting board you can blueprint a blue sky 
future for yourself—which can range from high posi- 
tions in engineering, manufacturing, projection, sales 
or service—even to the top management group. 


How about checking with your College Placement 
Office and arranging for an interview with our GM 
College Representative the next time he visits your 
campus. Let him help you prepare to draft a sound and 
satisfactory future at General Motors. 


GM Positions now available in these fields: 


MECHANICAL ENGINEERING 
METALLURGICAL ENGINEERING 
CHEMICAL ENGINEERING 
ELECTRICAL ENGINEERING 
INDUSTRIAL ENGINEERING 
BUSINESS ADMINISTRATION 


GENERAL MoTors CORPORATION 


Personnel Staff, Detroit 2, Michigan 
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Universal Military Training 
by Richard Day, G. 


Editorial 


Sir Isaac Newton 
by Richard J. Hayes, 54 


by Thayer French, ’57 


N.B.S. Vindicated: AD-X2 “Without Merit” 
by John F. Wells, 754 


A Record Review 
by Dave Klepper, G. 


Engineering Abroad 
by R. P. Nanavati, G. 


Turning Over a New Wheel 
by Karl E. Ludvigsen, ’56 


Briefing the News 
How to Write a Textbook 


Cover design by Krisda Arunvongse, ‘55 
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Springmakers for four generations 
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McDonnell engineers have again demonstrated their 
pioneering spirit. The problem—how to land a 
speedy, transonic airplane—normally requiring a 
mile or more of runway—in the short space avail- 
able on an aircraft carrier deck. This is but one of 
the many complex problems successfully solved by 
M. A. C. engineers in developing the new Navy 
F3H Demon, now in production. 


Youthfulness is another characteristic of this pro- 
gressive engineering team, the average age being 
under thirty. Engineering graduates find working 
with men of their own approximate age group 
greatly facilitates getting acquainted and gaining 
that “‘feeling of belonging” more quickly. 


If you’re looking for our type of engineering— 
we’re looking for you. Check your Placement 
Office for dates when our representative 
will visit your school. Ask him about the 

McDonneELt GRADUATE STuDy PLAN. 
You may also write to: 


TECHNICAL PLACEMENT SUPERVISOR 
Box 516, St. Louis 3, Missouri 
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VERNON E. NETHERTON 
DesiIGN ENGINEER—AIRPLANE DivIsION 
B.S.A.E. U. or Ittinors 1947 


Vernon had a fresh approach to the prob- 
lem of landing high-speed jet aircraft on 
carrier decks and was responsible to a large 
degree for an improved landing hook now 
being used on McDonnell airplanes. 


Starting his engineering career “‘on the 
board” as a Draftsman in 1947, Vernon is 
now a key member of a design group con- 
cerned with the F-101 Voodoo airplane. 


If your interests lie in the field of airplane 
development, a challenging career awaits 
you at McDonnell. We necd more young 
men like Vernon Netherton—engineers with 
a new approach. 


BUILD YOUR FUTURE WITH A COMPANY .... YOUNG IN YEARS, YOUNG IN SPIRIT AND IDEAS 


24 OF- AIRPLANES AND UHELICOPTERS «* ST.LOUIS 3,MQ 


February, 1954 





universal military training 


By Richard Day, G. 


tf 


Universal Military Training will be considered 
by Congress during its present session. UMT 
poses a problem for all physically and mentally 
fit young men reaching their eighteenth birth- 
days, Indirectly or directly its effect would in- 
fluence the many facets of our national life. 


Before considering the proposed UMT, it would 
be well to examine some of the proposals made 
in the past, but which have not been enacted. A 
bill put forth last year would establish an armed 
forces training program geared to utilize fully 
the existing plants and facilities of schools and 
colleges through the creation and maintenance of 
a “Students’ Armed Forces Training Corps.” 
Other proposals asked for the establishment of a 
“National Security Training Commission” to 
supervise a “National Security Training Corps” 
consisting of every male high schoo] student in 
the United States. Corps service would have 
meant being in a unit for not less than two aca- 
demic years as well as some additional summer 
camp training periods, 


The present UMT proposal resembles those ad- 
vanced in the past, and which received serious 
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consideration from Congress. This plan would 
conscript all eighteen-year-olds with the excep- 
tion of those reaching that age before January, 
1956. On his eighteenth birthday a youth would 
draw lots to see if he goes with the regular 
“service” pool or into the “training” pool. 

If he goes into the “service” pool, his course 
will be very much like that followed today. If, be- 
fore his call comes, he has signed up for college 
Reserve Officers’ Training Corps and agreed to 
serve two years on active duty, he will be deferred 
until he has graduated and received his commis- 
sion. This is much like the present system. 

However, if he draws a “service” assignment 
under the new plan, he will not be allowed to 
get a series of deferments even to finish a college 
science course. The present system does allow 
that. 

On the other hand, if a youth draws a “train- 
ing” assignment, his military career will be en- 
tirely different from that of a man getting the 
“service” assignment. He will have to pick a 
month, within limits of course, when he wants to 
be inducted for training. He will be allowed to 
tinish high school or a school year of college, if 
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engaged in either. His pay will be about $30 a 
month, The National Security Training Commis- 
sion—not the Army—will supervise his course. 

After six months of basic training, the trainee 
will owe seven and one-half years of service in 
the “Ready Reserve.” He must appear for active 
duty on 30 days’ notice. By contrast the draftee 
will spend only one year in the Ready Reserve if 
he so chooses, after two years of active service. 
Only one boy in six of those reaching eighteen 
would go into the “training” program for the 
first few years. The remainder would be taken 
into the “service” or be rejected on account of 
physical or mental] shortcomings. 

Trainees would receive no veterans’ henefits 
whereas the veteran of two years service would 
be eligible for the usual GI rights—educational 
aid, home loans, insurance, hospitalization, etc. 

In many respects there is a great deal of sim- 
ilarity between the proposed UMT bill and the 
present draft laws which are effective until 1955. 
The two laws now governing the future of young 
able bodied men are the Universal Military Train- 
ing and Service Act of 1951, and the Armed 
Forces Reserve Act of 1952. UMTS (the former) 
provides for the selective service induction of 
men for two years of training and active service, 
and for an eight year military obligation on men 
initially entering the Armed Forces after June 
19, 1951. This means six additional years of mili- 
tary obligation for those serving two years. The 
Reserve Act provides for the assignment of re- 
servists to mobilization categories and to the 
mobilization of components. 


Why UMT Should Be Accepted 


The most important reason advanced for the 
accepting of UMT is that it will better provide 
for the national defense. In the face of the po- 
tential] danger of war with Soviet Russia and her 
satellites a strong war machine which can be 
readily brought into use on a short notice is 
held by military experts to be absolutely neces- 
sary. 

It is maintained that UMT will eliminate some 
of the glaring inequalities of the present draft 
system. Under the present system many young 
men who had previously served as soldiers over- 
seas were forced to don the uniform and fight 
once more in Korea, while many younger men, 
who contrived the right sequence of deferments 
for education, marriage, and employment escaped 
service altogether. 

Segregation along racial lines is now definitely 
on the way out in the regular armed forces. There 
are now no all-colored units in the Navy or in the 
Air Force, and 95% of the colored men in the 
Army are in units containing white men. If this 
is carried over into the UMT Corps, tolerance 
and understanding between the racial troops may 
be increased, 

Earl D. Johnson, Under Secretary of the Army, 
states that it is not possible to predict the effects 
of UMT on education, on the educational] institu- 
tions, or on the individual involved. He maintains 
that at the present, the Army is operating the 
largest school and college program in the world 
which emphasizes the dignity of the individual 
and that UMT would help the Army achieve a 
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major goal. 

As one might suspect the strongest support for 
UMT comes from military or semi-military groups 
like the National Guard Association, the Reserve 
Officers’ Association, and the American Legion. 
Very few other groups actively support it or have 
supported measures like it in the past. 


Why It Should Not Be Accepted 


Instead of adding to the armed might of this 
country, UMT might seriously detract from it. 
Since the men put into the “training” program 
would not be available for service barring a na- 
tional emergency, there would be a reduction in 
the number of troops actually on hand at any one 
time. In addition the number of officers for the 
regular Army would be reduced because of the 
number actually involved in the training program, 
Maj. Gen. John S. Wood, U. S. A., retired, is 
quoted in the New York Times, February 15, 1952, 
as saying that “from the stand point of national 
security—which should be the only basis of con- 
sideration—UMT as now planned will cost enor- 
mous sums of money without providing any se- 
curity whatever or in any way deterring possible 
aggressors.” Although this statement was made 
about the proposed UMT law of 1952, it applies 
equally well to the bill proposed now which es- 
sentially is the same. 

John A. Hannah, Assistant Secretary of De- 
fense, stated during a recent interview (U. S. 
News and World Report, Oct. 16, 1953) that he 
would not recommend a change in the present 
system toward Universal Military Training. 
Further he says that “so long as we are going 
to need at least two years of service from all 
young men, then there can be no enthusiasm on 
the part of the Defense Department for the UMT 
program which contemplates training them for 
a short period and releasing them to civilian 
life.” 

Men trained in the UMT program would not be 
readily available for immediate service in event 
of the outbreak of a hot war. It is impossible to 
stockpile the trainees so that they would be 
available at any time. The technology of modern 
warfare constantly changes rapidly making equip- 
ment and methods obsolete. To expect the men 
to remember any but the smallest fraction of the 
information and techniques handed out to them 
after a period of even six months is illogical. 
Hanson Baldwin (The New York Times, Feb. 15, 
1952) is of the opinion that the drafting and 
training of the men for war is not the major prob- 
lem, but that the real problem of mobilization 
is the manufacture of arms and equipment and 
the organization of units, 

The nature of the modern war must be con- 
sidered inasmuch as UMT is to provide military 
protection. In the case of aerial attack by bombers 
carrying atomic bombs, the only men who could be 
effective militarily would be those already trained 
and located at their bases ready for action. In 
carrying through such a war highly skilled and 
trained technicians in the fields of electronics, 
aeronautics, engineering, pharmacy and many 
others would have to be available. There is little 
reason to believe that such could be provided in 
six months of training followed by seven and one- 
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FLEXIBLE SHAFTS | 


Just compare the simplicity of the flexible shaft 
control, shown above, with the combination of 
rods, bevel gears, pulleys and belts that might 
otherwise be necessary. The savings in parts and 
costs are obvious. What’s more the flexible shaft 
is less complicated, needs no alignment; is easier 
to install and gives more freedom in mounting the 
coupled parts where desired to assure better and 
more convenient operation. 


Many of the problems you'll face in industry will 
deal with the application of power drive and 
remote control with cost being an essential factor. 
That’s why it will pay you to become familiar 
with S.S.White Flexible Shafts, because these 
“Metal Muscles’® offer important savings in trans- 
mitting power or control. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET errr 


Bulletin 5008 contains basic 
flexible shaft facts and shows 
how to select and apply flexi- 
ble shafts. Write for a copy. 


ze, 
mctibke INDUSTRIAL DIVISION 
DENTAL MFG. CO. Dept.C, 10East40thst. 
NEW YORK 16, N. Y. 
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half years of reserves with infrequent training 
periods. 

It has often been claimed that UMT would re- 
duce casualties in warfare. Proponents of a per- 
manent system of conscription for this country 
maintain that UMT gives a soldier a better-than- 
average chance to survive in battle. Official Army 
studies, as reported by the Infantry Journal in 


September 1949, show that there is nothing to 
the claim that trained soldiers have less chance 
of getting hit than untrained men. According to 
this professional army magazine the greatest 
number of casualties are caused by fragments 
from high explosive shells, which do not discrim- 
inate between trained and untrained troups. The 
Infantry Journal states: “No factual data exists 
to support the universally held opinion that the 
infantry replacement has initially a higher cas- 
ualty rate than the veteran.” In other words there 
is no reason to believe that military training will 
reduce the number of casualties. 

The cost of UMT must be considered since tens 
of billions of dollars annually are being paid out 
for past wars, present police actions, and future 
holocausts. The actual cost of UMT is, of course, 
not known exactly and estimates vary consider- 
ably. If implemented, its cost would probably be 
no less than the estimate made by the National 
Security Training Commission in October, 1951. 
The cost of the UMT program proposed then was 
estimated as being about $4 billion for the first 
year and $2 billion each year thereafter. In con- 
trast to this sum required for the training of less 
than a million men, the cost of the nation’s public 
elementary and secondary schools enrolling 
25,000,000 as $4.7 billion for the school year 
1949-50. Since estimates of costs are not infre- 
quently much too modest and since we may not 
have reached the top of the inflationary trend, 
the actual cost might be considerably higher. 

The cost of UMT may be regarded from the 
standpoint of the time required of each trainee. 
Although only six months would be spent initially 
in training, it could well result in a man’s wast- 
ing additional months waiting to be inducted 
unable to take a job or start into college because 
of the uncertainty of his date of induction. After 
his release he would have a period of waiting for 
a job or a new term of school to start. There is a 
faint possibility that the programs could be timed 
to mesh with the college terms, but as it now 
stands, waste of time would be inevitable. 

It has been claimed that military training and 
service improved the health of the nation. There 
is no reason to suppose that UMT would depart 
drastically from the patterns maintained in the 
present Armed Forces. In spite of the fact that 
only the physically and mentally fit are admitted 
to the various branches of the Army, the incidence 
of mental illness, physical diseases, and rates of 
suicide are much higher than in the civilian popu- 
lation. If the UMT program were set up so that 
the health of the trainees were improved by it, 
those who actually need medical and psychiatric 
care would not benefit since they would not be 
admitted to the program. The time to protect and 
build-up the health and well-being of anyone is 
during his formative years rather than during 
early maturity. 
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The Armed Forces have never been noted for 
the improvement of morals of the men in them. 
By its very nature the Army must be author- 
itarian; initiative is not a quality appreciated by 
the drill sergeant. Robert M. Hutchins, former 
Chancellor of the University of Chicago, has this 
to say: 


Under military discipline the individual’s 
chance to make free choices almost disap- 
pears. Somebody tells him what to do every 
minute of the day, and the first lesson the 
private learns is “never volunteer.” 

I was in the army from the age of 18 to 
the age of 20 and cannot recommend it as a 
school of responsible citizenship. I came out 
lazier and more negligent than when I went 
in. I became an expert at cutting corners 
and at the elaborate kind of cheating to which 
privates devote most of their time. 

I think it stands to reason that, though free 
and independent citizens make the best army, 
the army is not the best place to make free 
and independent citizens. 

Chicago Daily News, May 8, 1951. 


The environs of military bases and training 
camps often contain a higher than average con- 
centration of gambling dens, houses of prostitu- 
tion, “night clubs,” and other institutions which 
have never received any great credit for improv- 
ing the morals of anyone anywhere. There exist 
no adequate guarantees that incidents such as 
Biloxi will not be repeated again. It may be pos- 
sible that a young man raised in the slums and 
coming from a broken home would be benefitted 


by the discipline which he would be under on 
duty and would also find the milieu of the army 
camp stimulating, but it almost certainly would 
not better the mind or morals of the average 
youth. 


It is often pointed out that making permanent 
conscription a part of the American pattern of 
life may be a very dangerous step toward the 
militarization of this country. Although the Army 
may be more democratic in a few things such as 
racial relations than the average community, it 
does not then follow that, because the discipline, 
dirt, and training falls equally on all trainees, the 
system is democratic. The Army is set up as rigid 
caste system in which the men of lower rank 
have no voice in choosing or removing the officers 
above them, or changing the rules controlling their 
lives, or bettering conditions under which they 
must serve. In the past this country has accepted 
the military system during wars; accepting a 
permanent system of conscription to train men 
is an entirely different matter. 


Building up a large permanent military caste 
is very apt to be the result of a permanent large- 
scale military program. In 1945, the last year of 
the war, there were 397 admirals and generals 
in the Pentagon and a Senate subcommittee found 
that there were 361 in 1951! One might well 
wonder why all the brass remained even though 
the Armed Forces in 1951 were much smaller 
than that of 1945. It is only natural that men 
who have attained high rank would like to main- 
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tain their position, pay and other benefits accruing 
from their rank, and would not be wholeheartedly 
in favor of a program involving reduction of 
arms and armies, These men would tend to be in 
favor of a measure such as UMT which more or 
less guarantees their position. This is borne out 
by the fact that military or semimilitary organiza- 
tions support UMT. However, individuals within 
these organizations may be strongly opposed to 
the measure, 


Alternative Programs 


There can be no doubt that Communism backed 
up by Soviet Russia presents a very real danger 
to free peoples of the world. Nor can there be 
any doubt that a positive program must be fol- 
lowed by this and other free nations if the tide 
of Communism is to be stemmed, 

The establishment of a supranational organiza- 
tion with real powers to eliminate armies, to re- 
move intelligently those economic and educational 
differences which stimulate conflict, and in every 
way to bring order to the world is desirable. 
Modern technology makes 20th century New York 
as close to Moscow as 18th century London was 
to Paris. Instead of millions for the U. N. and 
similar organizations and billions for arms, much 
more lasting worth would be done if it were bil- 
lions for international cooperation and millions 
for arms. 


It is well known that Communism makes little 
progress in countries which have peace and econ- 
omic stability. War-torn, famine-stricken China 
administered by inefficient and often corrupt men 
was easy prey for Communist propaganda. A man 
living on the starvation level may not be swaycd 
as easily by promises of freedom as he is by 
promises of bread. While the building of schools 
and hospitals in Egypt will bring no cash returns, 
it will more than repay the investor in terms of 
world stability and increased productivity of the 
blighted area. 


Militarism can be used only if one believes that 
the ends justify the means, This country became 
involved in World War II believing that by the 
hellish process of war we would gain more than 
would be lost. In thinking about UMT and the 
implications of fastening a permanent system of 
conscription for military service on this country, 
it would be well to keep in mind the words of the 
eminent historian, Arnold Toynbee: 


“Militarism . . . has been by far the com- 
monest cause of the breakdown of civiliza- 
tion during the last four or five millennia 
which have witnessed the score or so of 
breakdowns that are on record up to the 
present date. Militarism breaks civilizations 
down by causing the loca] states into which 
the society is articulated to collide with one 
another in destructive fratricidal conflicts. 
In this suicidal process the entire social 
fabric becomes fuel to feed the devouring 
flame in the brazen bosom of Moloch.” 

(from A Study of History, [Abridgement of 

Volumes I-VI by D. C. Somervell] by Arnold 

J. Toynbee, p. 190.) New York: Oxford 

University Press, 1947. 
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put 
yourself in 
his place... 
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A year ago he was knee-deep in textbooks, 
plugging for his B.S. Tonight he’s on his 
wavy to Vancouver, or Miami, or Portland, 
Maine. Tomorrow he'll help an Alcoa cus- 
tomer make a faster ship, a stronger shovel, 
a lighter highwav trailer. 


In Alcoa laboratories, plants and sales 
otlices from coast-to-coast, ambitious young 
Sales Development Engineers are helping 
to make aluminum more useful, in more 
ways, to more people. We need more men 
just like them to help us meet ever-growing 
demands for Alcoa Aluminum .. . Alcoa 
“know-how”. 


Maybe vou are already thinking about 
trading vour textbooks for a position in 
production supervision, industrial research 
or sales engineering. Tell us about it, give 
us an idea of your background in Chemical, 
Electrical, Mechanical, Metallurgical or 
Industrial Engincering. 


PETIT 


nt 


Good men go places fast with Alcoa, in 
their daily associations with leaders in the 
aluminum industry. Right now it may be 
quicker than you think from a seat in the 
classroom to your career with Alcoa. Why 
not find out? 

Your Placement Director will be glad to 
make an appointment for you with our 
Personnel Representative. Or just send us 
an application, vourself, 

ALUMINUM COMPANY OF AMERICA, 1825 
Alcoa Building, Pittsburgh 19, Penna. 


[ALCOA 


ALCOA 


ALUMINUM COMPANY OF AMERICA 
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ALCOA ON TV brings the world to your armchair with ‘SEE IT NOW”’ featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations. 
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There’s plenty of ‘thead room” for you 


If you are a senior in any field of en- 
gineering, it would be advisable to 
consider the advantages of a career at 
Boeing after you eedaate. 

5 d 


Boeing, for instance, makes a policy 
of “promoting from within.” Regular 
merit reviews give you steady opportu- 
nity and recognition. And in a com- 
‘pany with a growth record like Boeing’ s, 
there’s always plenty of “head room” to 
move into, 


Another advantage at Boeing is career 
stability. Boeing has grown pre actically 
continuously during its 37 years of op- 
eration. Tod: ay Boeing actually employs 


more engineers than even at the peak 
of World War II. 


» February, 1954 


Still another Boeing advantage is 
the variety of experience and contacts 
available to you here. Boeing is con- 
stantly alert to new materials and tech- 
niques, and approaches them without 
linitations. Extensive subcontracting 
and major procurement programs — all 
directed by engineers — give you con- 
tacts with a cross section of American 
industry. Aviation, in fact, is unique 
in its variety and breadth of application 
— from applied research to production 
design, all going on at once. 

At Boeing you'd work in Seattle, 
Washington, or Wichita, Kansas — two 
fresh, modern cities with a wide variety 
of recreational facilities, fine shopping 
and residential districts, and universities 


at Boeing 


which provide excellent graduate study 
courses. The company will arrange a 
reduced work week to permit time for 
this study and will reimburse tuition 
upon successful completion of each 
quarter’s work. 

There are openings in all branches 
of engineering (mechanical, civil, elec 
trical, aeronautical, and related fields) 
for DESIGN, PRODUCTION AND 
RESEARCH. Also for servo-mecha- 
nism and electronics designers and ana- 
lysts, and physicists and mathematicians 
with advanced degrees. 

For further information, 

consult your PLACEMENT OFFICE, or write 

JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 


SSOEMNM is 


13 





tech engineering news 


Professional Journal of the Undergraduates of the 
Massachusetts Institute of Technology 


Managing Board 


Peter Embree, ’54 
Don Eckhardt, °55 
Herbert Jacobson, ’54 
Raymond D’Arcy, ’54 


Junior Board 


Karl Ludvigsen, °56 
Howard Simmons, 754 
Tom Cantrell, ’55 
Marilyn Leader, ’54 
Leonard Ruthazer, ’56 
Paul Spreiregen, ’54 
Malcolm MacLeod, 55 


Mike Ginsberg, ’56 
Garry Quinn, ’56 
Andrew Viterbi, 
Dan Brzezenski, ’54 


F. T. C. Bartels, ’54 
John Byrnes, ’55 
Alvin Drake, °57 
Carl Estes, ’57 
Thayer French, ’57 
Dick Hayes, ’54 

Jon Jansen, °56 
Sherwin Kalt, G. 
Nick Kafes, ’55 


Staff Candidates 


Tom Boyle, °57 

Bob Burns, ’57 

Tony De Castro, °55 
John Decker, ’57 
Fred Epstein, ’57 
Lester Gimpelson, °57 
Bob Scher, ’57 


General Manager 
Editor-in-Chief 
....Managing Editor 
Business Manager 


Literary Associate 
Literary Associate 
Advertising Manager 


Treasurer 


Make-Up Editor 


Art Editor 


Photography Editor 
PN IO, I viicccaveveretvichcesvacshoerdiedpcavenea niente Circulation Manager 
Co-Sales Manager 
Co-Sales Manager 

Office Manager 


Technical 


Dave Klepper, G. 
Bob Koch, ’57 


Consultant 


Emmanuel Papadakis, '56 


Tony Ranti, ’54 
Pete Schultz, ’55 

D. F. Shrader, ’59 
David Sternlight, °54 
Jack Wells, °54 

Bill Walsh, ’57 


Marilyn Schranze, ’56 
Don Schwarz, ’57 
Romie Wahl, ’56 
Martin Zombeck, °57 
Allen Langord, ’57 
Clair Nielson, ’57 


Publisher’s Representative: Littell Murray Barnhill, Inc., 101 Park Avenue, New York; 605 North Michigan Ave., Chicago 


THE TECH ENGINEERING NEWS 





from the editor's notebook 


SIC Transit System 


As members of the student body of M.I.T., we have occasion to ride on the 
so-called mass transportation system of this collection of towns known as a met- 
ropolitan area. We hear that the system continually costs the taxpayers more 
and more money; yet we know the fares have been raised twice in the last five 
years. We may well question what efforts this system, the MTA, is doing to in- 
crease its patronage and just where is it wasting what money it has. 

We have noticed over the past few years that the MTA is “modernizing” by 
replacing streetcars with buses. This may be commendable, despite the fact that 
a high level officer of the MTA has informed one of our staff members that 
both buses and trackless trolleys actually cost more to operate than the trol- 
leys that they have replaced, at least on a passenger-mile basis. Our observation, 
however, is that any MTA surface vehicle spends most of the rush hours sit- 
ting on the streets not moving anywhere because of the snar] of traffic. We 
cannot see any sense in the MTA’s buying of any new surface transit vehicles 
of any type while the bulk of the rolling stock that does carry the majority of pas- 
sengers is entirely out-dated. Boston operates the most obsolete rapid-transit cars 
of any American city. Yet any of these obsolete rapid-transit cars could be mod- 
ernized into silent, efficient, comfortable vehicles with a fraction of the cost of one 
new bus or trackless trolley. The same can be said for the older type of trolley 
car operated in the trolley subway during rush hours. Far more people would 
benefit from such a program than from the present surface “modernization”. 

Often this “modernization” has the effect of driving the MTA’s customers 
away in droves. A South Boston resident once was able to catch a modern street- 
car at the nearest corner along Broadway and get a seat if he lived on the outer end 
of the line; this car would enter the subway for a fast trip through the down- 
town area to North Station. Now he will walk, unless the weather is terrible— 
and then the chances of a bus showing up are small indeed; his alternative is to 
ride a bus to one of two rapid-transit stations where he may, if he waits, ride a 
rail car already overloaded with people from Dorchester or Egleston. He walks. 

Of course, why should we complain? The abandonment of this modern, fast, 
surface-rapid-transit line has provided the TEN staff with free MTA transporta- 
tion returning from our favorite Greek restaurant. Information on this situation 
will be gladly given to anyone applying at the TEN office. 

D. F. S. 


In this issue 
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John Wells writes the sequel to his summary of the NBS-MIT AD-X2 con- 
troversy. If you remember, TEN published his article last spring on the very 
day that the bubble broke and Allen V. Astin, the director of NBS, was fired. Our 
literary associate, Karl Ludvigsen, comes out with more of the hot poop about 
the latest in sport cars. He has written so much thus far that we have de- 
cided to let him write a regular monthly column, Turning Over a New Wheel. 
And Malcolm MacLeod contributes another frontispiece. He has threatened to 
dynamite the TEN office if we fail again to give him credit for his work. Well, let 
it be known to the world that Malcolm also photographed the fine November and 
December frontispieces as well as the illustrations for several of the TEN ar- 


ticles. 
D.E. 





...@ hinge pin 


-..@ stop pin 


«+. @ Set screw 


«-.@ bolt and nut 


1/16” to 1/2” 


eooai modern fastener 
that saves time and money 
on thousands of applications 


Rollpin is a hollow, split, cylindrically formed pin with chamfered 
ends. It is simply driven into holes drilled to normal production toler- 
ances. Because Rollpin is slightly larger than standard sized holes, 
it compresses as inserted. It is self-locking—and vibration-proof— 
because of the constant pressure it exerts against hole walls. Its shear 
strength exceeds that of a cold rolled pin of the same diameter. Rollpin 
is readily removed with a drift or pin punch—and can be reused. 


Because of its versatility—and the production economies it makes 
possible—Rollpin is finding wide usage in almost every phase of manu- 
facturing activity. Write for design information on the Rollpin. It will 
enable you to cut costs for many applications where use of rivets, set 
screws, dowels, and straight, serrated or cotter type pins create instal- 


lation or performance problems. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 
Elastic Stop Nuts with the famous red collar 
are another ESNA product 
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Navys new radio Voice 
dedicated to America’s security 





WORLD'S MOST POWERFUL MILITARY RADIO TRANSMITTER 
A 6-YEAR NAVY-RCA PROJECT! 








On Jim Creek, in the State of Washington, stands the world’s 
most powerful military radio transmitter—its giant 
antenna stretches from mountain peak to mountain peak. 
A 6-year project of the Navy and RCA, “Big Jim” 
was built and installed to provide the Navy, for 
the first time, with instant communications with 
naval units everywhere, on the seas and under the 
seas, on land and in the air. 











Speaking at the dedication ceremonies, Brig. Gen. 
David Sarnoff, Chairman of the Board of RCA, said: 
“May I express the wish, which I know all in our 
Armed Services share, that this powerful instrument 

for transmitting intelligence may add to our 
national security and to the peace of the world.” 


The first message flashed by the “Big Jim” trans- 
mitter was from Admiral Robert B. Carney, Chief of 
Naval Operations, to U.S. Navy personnel around 
the world. He said: 

“With this message we forge another link between 
you and your homeland. With it, we build a new 
security channel from America to the naval units 
which form its outer ramparts of defense.” 


























INTRIGUING OPPORTUNITIES FOR 
GRADUATING ENGINEERS 


You’re sure to find the exact type of 
challenge you want in Engineering De- 
velopment, Design, or Manufacturing at 
RCA. Men with Bachelor’s, Master’s or 
Doctor’s degrees in EE, ME, IE or Phys- 
ics are needed. You'll find your optimum 
career work among the hundreds of prod- 
ucts RCA produces for the home, sci- 
ence, industry and Government. 

If you have the necessary education 
and experience, you will be considered 
for a direct engineering assignment. Oth- 
erwise, you'll participate in our Special- 
ized Training Program, in which you 
can explore RCA’s many interesting en- 
gineering operations for a full year. 

Your rapid professional advancement 
is enhanced at RCA by the free flow of 
engineering information. 
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Write today to: College Relations, AT DEDICATION CEREMONIES — Gen. Sarnoff 
RCA Victor, Camden, N ew Jersey. operates key to transmit first radio message, 
Or, see your Placement Director. dictated by Admiral Carney, to American 






fleet units around the world. 
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RADIO CORPORATION OF AMERICA 


World leader in radio— first in television 
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sir isaac newton 


By Richard J. Hayes, '54 


INTRODUCTION 


It is the intention of this article to describe the 
life of Sir Isaac Newton, giving special emphasis 
to his contributions to humanity in the field of 
mechanics. This synopsis of his life is in the form 
of a biographical sketch with various outlines of 
his scientific achievements and comments on his 
personal] history included to more fully illuminate 
the life of this great man. 

Newton’s works are amply evaluated in many of 
the textbooks used in colleges today and it is felt 
that there is no necessity to reproduce these analy- 
ses in this paper. However, by gaining an insight 
into the personal characteristics and environment 
of this man, supplemented by an enumeration of 
his scientific accomplishments, we will be better 
able to fulfill our objective and understand both 
the man and the effect of his work in the scientific 
world. 

The eighty-four years of Newton’s life can be 
divided into three distinct periods, and for pur- 
poses of clarity and continuity, this article will 
describe these stages separately and in chronolog- 
ical order, 

Since any brief account of Newton’s work must 
inevitably create an inadequate impression of his 
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contributions to science, it should again be pointed 
out that the object of this article is merely to illus- 
trate and comment upon the many achievements 
of Newton and by no means attempt to fully eval- 
uate them. 


Period I {1642 - 1669} 
BACKGROUND AND EDUCATION 


This twenty-six year period began with New- 
ton’s premature birth on Christmas Day in 1642, 
the year in which his able predecessor in the field 
of science, Galileo, died. Friends and relatives ex- 
claimed that at birth Newton was tiny enough to 
fit in a quart mug. His physical characteristics 
as a young child resembled those of his father, who 
was frail and weak throughout his thirty-seven 
years, Which ended shortly before the birth of his 
son and namesake, Isaac. These characteristics 
were in sharp contrast to the robust nature of his 
mother who remarried when Isaac was three and 
had two more children, neither of whom rose to a 
prominent position. Catherine, one of his four 
nieces, became Newton’s favorite and lived in his 
house until his death. She became the object of 
many scandalous remarks by his enemies, but was 
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rewarded for her companionship by inheriting all 
of Newton’s personal property when he died in 
March, 1727. 

At public grammar school in Grantham, near 
Lincolnshire, England, young Isaac distinguished 
himself in mechanics and carpentering. His marks 
were not exceptional and he was classified by his 
teachers to be only an average student. His work 
in carpentering and mechanics grew out of a hobby 
that he enjoyed. He developed many ingenious 
devices including a waterclock, a sundial, and a 
model windmill. His method in making these de- 
vices was devoid of any analytical calculations 
and merely serves to illustrate his natural] ability 
and creative genius within the realm of experi- 
mentation. 

While attending school, Isaac experienced his 
initial and lasting infatuation for a member of 
the opposite sex, a young lady by the name of 
Story. He lived in her father’s home as a boarder 
during the schoo] year and became formally en- 
gaged to her when he was nineteen. Unforeseen 
financial difficulties developed which prevented 
their immediate marriage and separated them 
temporarily. By the time Isaac had established 
himself, after four years of concentrated study 
and absorption in his work, he learned that Miss 
Story had married. He never married, but re- 
mained her friend and benefactor for life. He 
claimed the reason for his bachelorhood was not 
due to a broken heart, but merely that he never 
became interested in any other girl. He was de- 
scribed by his colleagues as a very contended man 
who enjoyed his work and the companionship of 
his niece, Catherine, and her husband who lived 
with Newton until his death. In 1668, Halley, 
the famous astronomer, and Dr. Vincent (the 
husband, it is supposed, of Miss Story) were re- 
sponsible for the presentation of the manuscript of 
Newton’s PRINCIPIA to the Royal Society. Halley 
is now commonly referred to as the “guardian 
angel” of Newton’s works since he paid for the 
printing and publishing of the manuscripts. 

Newton’s education at Grantham terminated at 
the age of fourteen when he had to return to the 
farm after his stepfather died. His formal educa- 
tion resumed at the insistence of his maternal 
uncle who caught him reading a technical book 
under a bush near his home when he was sup- 
posed to be helping a farmhand. There was 
nothing outstanding about his college years, be- 
ginning in 1660 when he entered Cambridge 
University. 

Again, Newton established himself as a normal 
student by engaging in extra-curricular activities 
while obtaining satisfactory grades. His college 
diary records many instances of drinking bouts at 
the local tavern and describes a few gambling 
enterprises in which he participated. By being 
able to have many diversified associations and still 
maintain a good record, Isaac Newton was ad- 
mired by both his teachers and his colleagues. 
He was described as being a “well rounded indi- 
vidual who should be a success in any field he 
chooses” by one of his admirers when he received 
his A.B. degree in 1664. This initial period of 


his life came to a climax when, after receiving his 
M.A. degree, he was appointed Professor of 
Mathematics at Cambridge University. 
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Period II {1669 - 1695} 
ANNOUNCEMENT OF DISCOVERIES 


The Bubonic Plague which forced Newton to in- 
terrupt his college education in 1664 has been ap- 
praised as being very influential in the life of this 
great man, After his hasty departure from the 
University, Newton returned to his home at Wool- 
storpe and occupied his spare time by meditating 
about his purpose in life and the position of the 
earth in the universe. In the three years during 
which he spent a great amount of time in the soli- 
tude of his garden, Newton achieved an under- 
standing of the basic fundamentals of the dis- 
coveries which he later refined before their an- 
nouncement. During this three year interval, he: 

a) Invented the method of fluxions, 
now commonly called the calculus. 

b) Discovered the concept of uni- 
versal gravitation. 

c) Observed the motion of the 
planets through a home-made 
telescope. 

d) Proved the refrangebility of 
light which led to his corpuscu- 
lar theory of light. 

After the Plague had left its effect on the Uni- 
versity‘s surroundings, Newton returned to re- 
ceive his M.A. degree and then began teaching 
mathematics at the age of twenty-seven. 

Before the work of this great man can be justly 
appraised, it is essential for one to understand 
his peculiar personality traits. Although he en- 
deavored to be recognized as an average indivi- 
dual throughout his educational career, Newton 
never overcame the psychological effect of being 
ridiculed for his dimunitive body during child- 
hood. He rebelled at being reprimanded and 
became very publicity shy during this period of his 
life. He developed a very modest opinion of him- 
self and was never anxious to have himself con- 
sidered a genius. When asked to comment on his 
own ability Newton once replied, “If I have seen 
a little farther than others, it is because I have 
stood on the shoulders of the giants.” 

There is little doubt that he had benefited from 
the experience of his predecessors—among them 
Descartes, who worked on analytical geometry, 
Kepler, who contributed three laws of planetary 
motion; and Galileo, who formulated two laws 
governing the motion of bodies. However, as E. 
T. Bell pointed out, “Bricks do not make a build- 
ing; Newton was the architect of dynamics and 
celestial mechanics.” 

The effect of Newton’s attitude upon his work 
cannot be fully understood until a more critical 
analysis of his accomplishments is made. Newton 
did not work in any one specialized branch of 
science for a considerable amount of time, but 
gave consideration to all the ideas and concepts 
without following any definite order or pattern. 
For purposes of clarity, his major contributions 
to science will be discussed in separate sections 
of this article. 

1. OFPTKS 
_ While experimenting with various beams of 
light, Newton discovered that light was refrangi- 
ble, or was capable of being refracted. He ob- 
served that a series of colors, or spectrum, re- 
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sulted when a beam of white light was directed at 
a prism. His experiments consisted mainly of ob- 
serving the action of various filters on the rays 
of the sun. He also developed a reflecting tele- 
scope to observe the motion of celestial bodies. As 
a result of his work in optics, Newton developed 
a corpuscular theory to explain the various phe- 
nomena that he observed. His theory, however, 
was in sharp contrast to the wave theory of his 
contemporaries, Hooke and Huygens. 

In 1672, when elected to the Royal Society, he 
anounced his work on optics, and a committee 
of three, including Hooke, was appointed by the 
Society to report on Newton’s work. The Royal 
Society accepted all of Newton’s theories after 
much deliberation during which he had to reply 
to the criticism and objections of foreign philoso- 
phers and Hooke. This was the first public in- 
stance when he showed his particular personality 
trait of being extremely adverse to opposition. On 
this subject he said, “I intend to be no further 
solicitious about matters of philosophy. I was so 
persecuted with discussion from my theory of 
light, that I blamed my own imprudence for part- 
ing with so substantial a blessing as my quiet 
to run after a shadow.” 

Consequently, Newton became so irked that he 
would not publish his books Optiks until after 
Hooke died in 1704. 

Critics of Newton point out that he was re- 
sponsible for retarding progress in telescope man- 
facture for twenty-five years when he announced 
that, as a result of his experiments, dispersion was 
always proportional to refracting power. The con- 
clusion was immediately drawn that no combina- 
tion of lenses could eliminate chromatic aberra- 
tion. The main fault of some of his contemporaries 
was that they considered his word infallible. 
The above conclusion was the result of a few 
hasty experiments and was not intended by New- 
ton to be accepted as a law of nature but more to 
serve as an incentive for more detailed research. 
Dolland fulfilled this objective in 1757, after New- 
ton’s death, when he found that a combination 
of crown and flint glasses would correct the phen- 
omenon known as chromatic aberration. 


2. FLUXIONS 

The great controversy over the origin of the 
present day calculus results from Newton’s reluc- 
tance to publish his work and the contributions 
of one of his contemporaries—Liebniz. Newton 
is given credit for first originating the calculus 
notation, but it was Leibniz who developed the 
system that is commonly used today. Leibniz 
worked independently of Newton and published 
his results first. 


The basic concept which spurred both of these 
men was the idea of rate of change. In develop- 
ing his system, Newton used the present day 
terminology of variables, functions, and limits. 
The basis for his work in this field was a “re-dis- 
covery” of the binominal theorem. However, when 
he was convinced of the validity of his system, he 
put the work away and concentrated on other 


fields. Leibniz used the yy symbol where Newton 


employed the y notation. Leibniz actually had all 
the symbols and terminology of both integral and 
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differential calculus in use before Newton pub- 
lished his work. Followers of both sides claimed 
plagiarism and the great dispute followed. Leib- 
niz was backed by the Bernoullis and he and New- 
ton became bitter enemies, 

It should be realized that Newton carried on 
developments from his laws sufficiently to make 
only rough estimates of the motion of bodies in 
the solar system. His method of proofs, generally 
supposed to be rigorous, was always geometri- 
cal. If he had used his new method of fluxions, 
it would have been necessary for his contempora- 
ries to master the new method before they could 
understand its application. Whether it was from 
a desire to avoid controversy or to have imme- 
diate acceptance of his work, Newton cast all of 
his proofs in geometrical form. 


3. GRAVITATION 


Since Newton derived his theory of gravitation 
using Kepler’s laws as a foundation, these three 
laws are reproduced here: 

a) The planets move about the sun 
in ellipses, in one focus of which 
the sun is situated. 

b) The radius vector joining each 
planet with the sun describes 
equal areas in equal times. 

c) The cubes of the mean distances 
of the planets from the sun are 
proportional to the squares of 
their times of revolution. 

Newton’s law of gravitation is commonly stated 
as, 

“Every particle of matter in the 
universe attracts every other par- 
ticle with a force inversly propor- 
tional to the square of the distance 
between the two particles.’ 

In 1665, Newton began wondering whether this 
law was the same as the one that affected the 
flight of a stone around the earth. The popular no- 
tion that has been passed down through the ages is 
that while he was meditating in his garden, he 
observed the fall of an apple. However, all his 
calculations involve the earth and moon rather 
than apples. 

He waited twenty years to announce the gravi- 
tational concept in his PRINCIPIA which was 
published in 1686. In the book, he introduced a 
theorem relating the proportionality of the quan- 
tity of matter, or mass, of the two bodies in ques- 
tion. Newton considered the action of gravitation 
as a force acting on each of the two bodies, and 
his law is expressed in the new familiar form: 


Mm 
F=¥ = 


s is the proportionality constant that was 
measured experimently by Cavendish in 1798. By 
waiting twenty years, Newton’s original calcula- 
tions, involving the earth and the moon, were 
modified and the final results were substantiated 
by using the data of his contemporaries who were 
working in the same field. Although the reason 
for the twenty year delay is not evident from his- 
tory books, it is probably safe to attribute a major 
portion of it to Newton’s particular personality 
traits that were described previously. 
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4, LAWS OF MOTION 


In his PRINCIPIA, Newton 
expressed his three laws of mo- 
tion, or axioms, in the following 
manner: 


Law I, 


“Every body continues in its 
state of rest, or of uniform mo- 
tion in a right line, unless it is 
compelled to change that state 
by forces impressed on it.” 


Law II, 


“The change of motion is pro- 
portional to the motive force im- 
pressed; and is made in the di- 
rection of the right line in which 
that force is impressed.” 


Law III. 


“To every action there is al- 
ways opposed an equal reaction: 
or, the mutual actions of two 
bodies upon each other are al- 
ways equal, and directed to con- 
trary parts.” 

Newton set up the parallelo- 
gram of forces concept as a cor- 
ollary of his laws of motion but 
it is difficult to fathom why he 
considered the two concepts re- 
lated. Nevertheless, the idea of 
the parallelogram of forces was 
stated as: 


COROLLARY I 


“A body, acted on by two 
forces simultaneously, will de- 
scribe the diagnosis of a parallel- 
ogram in the same time as it 
would describe the sides by those 
forces separately.” 

His experimental genius was 
illustrated when he performed 
his pendulum experiments to find 
the relatior. between the material 
used for the bob and the period 
of oscillation. Carefully safe- 
guarding against the resistance 
of air by removing the interior 
of the spherical bobs to make 
them equal size and weight, he 
concluded that the period of os- 
cillation was independent of the 
material used for the pendulum 
and that W equalled MG in all 
cases. 

A controversy which has been 
prevalent since the publication of 
Newton’s works originates from 
his use of the force concept. 
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Critics point out that there are only three funda- 
mental units—mass, length, and time. They claim 
that the use of the term “force” is unnecessary. 
However, Newton used this term as a convenient 
basis for his explanation of mechanics and his 
work, using the force concept, has well withstood 
the test of time. Critics also point out the ambig- 
uity arising over his definition of mass, or quant- 
ity of matter, which is: 

“The quantity of matter is the meas- 

ure of the same, arising from its 

density and bulk conjointly.” 

On this subject Mach said, “‘As regards the con- 
cept of mass, we remark first that Newton’s 
formulation which defines mass as the quantity 
of matter of a body, determined by the product of 
volume and density, is unfortunate, Since we can 
define density only as the mass of unit volume, 
the circle is obvious.” 

However, Crew pointed out, “In the time of 
Newton, density and specific gravity were em- 
ployed as synonymous, and the density of water 
was taken arbitrarily to be unity. The three 
fundamental units employed . . . were therefore 
density, length, and time. On such a system, it 
is both natural and logically permissible to define 
mass in terms of density.” 

There are many other interesting controversies 
which have arisen over the publication of New- 
ton’s work, and series of textbooks have been 
written offering various opinions on the subject 
matter. As a concluding section in the description 
of the second phase of Newton’s life, it is inter- 
esting to note a remark by Florian Cajori which 
appears in the appendix of his translation of the 
PRINCIPIA. Although the comment appears 
with reference to Newton’s remarks on rectilinear 
motion and absolute time, its content would be 
applicable to many other examples. Cajori said, 
“It would seem to follow, therefore, that the exist- 
ence of absolute rectilinear motion and of absolute 
time are postulates made in Newtonian mechanics; 
they are not based on experimental evidence and 
may therefore be said to be metaphysical. There 
appears to be no ‘a priori’ argument against accep- 
tance as a foundation in mechanics of concepts, 
some of which are observable and others unobser- 
vable or metaphysical. The two types of concepts 
might form a perfectly solid and coherent struc- 
ture which yields results in accord with observa- 
tional data, to a degree of accuracy lying within 
the probability of experimental error. Indeed, 
Newton’s assumptions satisfied this test in the 
scientific developments extending over a period of 
two hundred years. During that time, astronomy 
and physics made tremendous strides forward. 
Celestial mechanics flourished; so did engineer- 
ing and physical science.” 


Period III {1695 - 1727} 


FAME AND POWER IN LONDON 

The third stage in Newton’s life is in sharp 
contrast to the others. This thirty two year period 
began after a long illness which nearly resuited 
in his complete mental collapse. The cause of 
Newton’s severe illness is hard to determine, but 
it is presumed that the long, hard work which 
he put into the writing of his famous PRINCIPIA 
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imposed a great strain on his physical and mental 
endurance. 

An unfounded story has been passed down by 
historians that a light burning in his home while 
he attended chapel services resulted in the destruc- 
tion of his study room. The story continues by 
saying that Newton suffered a mental collapse 
when he discovered that the fire destroyed twenty 
years’ work on optics which he had hidden in his 
desk. This story was not substantiated, however. 

Letters written during his two year illness 
prove that he did not lose his sanity and that he 
had completely recovered from the relapse in 
1695, He then gained a great many friends at 
the University by leading a group of Professors 
in a court case in London, but this taste of city 
life proved to be his scientific undoing. He secured 
an appointment as warden of the mint and worked 
hard at his new task. He was rewarded by becom- 
ing Master of the Mint which is similar to the 
Collector of Internal Revenue in this country. 
Newton became a very rich, influential man and 
enjoyed life while in politics. 

In 1712, he and his followers created the con- 
troversy over the origin of calculus. During this 
period, Newton’s mind remained very keen as he 
rapidly solved problems that were sent to him by 
his enemy, Leibniz, as major tests of his ability. 
Newton bequeathed the major portion of his per- 
sonal property to his niece, Catherine, upon his 
death in March, 1727. 


SUMMATION 

It has been pointed out that aside from being 
a great scientist, Isaac Newton was a well rounded 
man who enjoyed a full life. His purpose in science 
was to try to determine nature. His major achieve- 
ments in the field of mechanics are summarized by 
educators as follows: 

1. Introduction of the law of uni- 
versal gravitation. 
Generalization of the term 
“forcee”’. 

Introduction of the concept of 
mass. 

Complete formal enumeration of 
mechanical principles which are 
now generally accepted. 
Introduction of the statement of 
action and reaction. 

Distinct formulation of the con- 
cept of the parallelogram of 
forces, 

There are many monuments in science today 
which serve as a tribute to the work of this great 
man. One of his greatest attributes, which is not 
evident from many textbooks, was a sense of 
modesty which is reflected in the following self- 
quotation which he made near the end of his 
life and which ably concludes this bibliograph- 
ical survey: 

“I do not know what I may appzar 
to the world; but to myself I seem 
to have been only a boy playing on 
the seashore, and diverting myself 
in now and then finding a smoother 
pebble or a prettier shell than or- 
dinary, whilst the great ocean of 
truth lay all undiscovered before 
me. 
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diversification: 


another reason why 


Lockheed in 


California offers... 


better careers tor engineers 


diversified production 


Huge luxury airliners, cargo transports, 
fighters, bombers, trainers and radar search 
planes are rolling off Lockheed assembly 


lines. Twelve models are in production. 


diversified development projects 


The most diversified development program 
in Lockheed’s history is under way—and 

it is still growing. The many types of aircraft 
now in development indicate Lockheed’s 
production in the future will be as varied 


as it is today—and has been in the past 


This capacity to develop and produce such a wide range of aircraft 


is important to career-conscious engineers. It means Lockheed offers you broader 


scope for your ability. It means there is more opportunity for promotion with 


so many development and production projects constantly in motion. It means your 


future is not chained to any particular type of aircraft— because 


Lockheed is known for leadership in virtually all types of aircraft. Lockheed’s 


versatility in development and production is also one of the 


reasons it has an unequaled record of production stability year after year. 


Lockheed AIRCRAFT CORPORATION 
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BURBANK, CALIFORNIA 


diversified living 


You work better in Lockheed’s atmosphere 
of vigorous, progressive thinking—and you 
live better in Southern California. You enjoy 
ond compare, 


life to the full in a climate bey 


in an area abounding in recreational 


opportunities for you and your family 





oligo 


A Boon to Nerve Research 


By Thayer C. French, '57 


The ultra-structure of the nerve axon has been 
a controversial matter for many years. With the 
improvement of histologica] techniques and more 
extensive and efficient use of the electron micro- 
scope, the ultracentrifuge, electrophoretic and 
chromatographic apparatus, and _ polarization 
equipment, have come some recent advances in 
nerve physiology. In particular, a team of biolo- 
gists and chemists under Dr. Francis O. Schmitt, 
Head of the Institute’s Department of Biology, 
have partially succeeded in characterizing the 
fibrous structure of axoplasm, the gelatinous fill- 
ing of axons. 

It is well-known that the velocity of a nerve 
impulse increases with the diameter of the nerve. 
It is, therefore, logical that an animal possessing 
nerves specialized for a speedy reflex action will 
have giant nerve fibers suitable for extrusion of 
relatively large quantities of axoplasm. In addi- 
tion, the idea] animal must be rather abundant, 
readily obtainable, and conveniently large; it must 
be kept alive until the nerves are to be dissected. 
For this particular locality the Institute re- 
searchers have chosen the common squid, Loligo 
pealii, as most closely approaching the ideal. 

The two dorsal giant nerve fibers radiating from 
the squid stellate ganglia are involved in a startle 
reaction—the expulsion of ink for which the squid 
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is infamous—and are about 0.5 mm, in diameter 
and 5 cm. long when cleaned of all connective 
tissue and associated fibers. A single dorsal giant 
fiber yields about 5 mg. of axoplasm, equivalent 
to 0.6 mg. of axoplasmic solid. Because some 30 
mg. of this solid are required for most experi- 
ments, fifty squid must be dissected for an aver- 
age single experiment. The staff decided that it 
would be more economical] to devise methods for 
collecting and transporting the squid to Cam- 
bridge than to move its equipment to the Marine 
Biological Laboratory at Woods Hole, Massachu- 
setts—hence the Squid Truck, a box-like affair 
which graces the East Campus parking lot. 
During the summer, squid freshly caught in the 
commercial fish traps near Sakonnett, Rhode 
Island are transferred from the nets to a barrel 
of circulating sea water. At the dock the squid are 
gently agitated, encouraged to eject their ink, and 
then transferred to fresh sea water in the conical 
squid tank aboard the squid truck. The squid tank 
is flushed to remove any remaining ink, the stor- 
age tank valve is opened, and the squid are sup- 
plied continuously with recirculated, aerated, re- 
frigerated sea water maintained at a temperature 
below 22°C., preferably between 15°C, and 19°C. 
After an eighty-five mile trip by squid truck, and 
approximately four hours after the catch, the dis- 
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section begins at the Institute. Sea water piped 
from the storage tank on the truck flows over the 
squid dissecting boards ; the nerve bundles are dis- 
sected from the squid mantles in this medium 
under a dissecting microscope. A glass rod, rolled 
over the cleansed and rinsed fiber which is placed 
on a parafilm-covered microscope slide, extrudes 
the axoplasm in much the same fashion as a cult- 
ured American squeezes toothpaste out of a tube. 
The viscous extruded axoplasm is easily rounded 
into a spherical drop and transferred with forceps 
into the proper solvent. 

There has been much discussion about two 
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fibrous structures present in axoplasm: the so- 
called neurotubules, long, dense-edged bodies 
about 500 A. in diameter, which appear to be hol- 
low tubes; and neurofibrils, longitudinally oriented 
filaments 100 to 150 A. in diameter, and indefi- 
nitely long. In electron microscopical studies Fer- 
nandez-Moran (1950) and Drs. Francis O. Schmitt 
and Betty Ben Geren here at the Institute (1950) 
have identified neurotubules as definitely non- 
axonic constituents of nerve tissue, and most prob- 
ably collagen fibrils belonging to the external 
sheath layer. Supporting this statement is the 
fact that dense-edged fibrils were not observed in 
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unfixed, extruded axoplasm of 
squid giant fibers. The axoplasm 
from nerve tissue infected with 
poliomyelitis virus and virus B 
was then examined for neuro- 
tubules; any increase in the 
number of these bodies would 
seem to indicate one of the spe- 
cific actions and symptoms of 
these diseases. No neurotubules 
were observed, however, except 
possibly as contaminants of iso- 
lated’ axon preparation, and 
therefore it is clear that neuro- 
tubules are not structural enti- 
ties of normal intact axoplasm, 
and are not involved in axoplas- 
mie degeneration from polio or 
virus B. 

Research efforts were concen- 
trated upon the more interesting 
neurofibrils. The optical polariza- : : : : : 
tion studies of Dr. F. 0. ‘Schmitt Institute biologists dissect fresh squid. 
established a weak value for positive birefringence in the axial 
direction of the axon, indicating the presence of a longitudinally 
oriented submicroscopic component with internal structural regu- 
larity, and constituting a small volume of the axoplasm, Soon after 
the polarization opticai studies, electron micrographs of chemically 
“fixed” and unfixed samples of squid axoplasm verified the previous 
results. In fixed preparations the axon filaments have nodular en- 
largements along their length but no regular period is present. 
They appear smoother when fresh axoplasm is dispersed in dis- 
tilled water, These filaments may be broken up into shorter ones 
in vivo. In any case they are considered to be part of a protein 
complex, ‘‘neuronin,” which is generally characteristic of nerves. 
Using ultracentrifuge and electrophoretic techniques in one of the 
more recent nerve studies, Dr. Myles Maxfield of M.I.T. has suc- 
ceeded in isolating and characterizing a fibrous protein, which is 
considered to represent the chief component of neurofibrils. He has 
demonstrated a “reversible globule-fiber transformation,” that is, 
a reversible depolymerization, of this protein. Exactly how this 
globule-fiber protein is related to nerve impulses is a moot question. 

Perhaps of more interest and impact than any single discovery 
in the morphology of axoplasm is a recent advance in nerve chem- 
istry. Dr. Bernard Koechlin of M.I.T. has isolated, identified, crys- 
tallized, and purified a substance responsible for approximately one 
half of the anions in the squid nerve. The high concentration of 
K+ cations and of Na* cations outside of the plasma membrane 
suggested the presence of anions other than those already identified, Electron microscope magnifies squid 
axon filaments 25,500 times. 


and specific for Na+. The compound extracted by 
Dr. Koechlin is chemically similar to taurine, a 
sulfur-bearing amino acid. This discovery may 
throw some light upon the mode of transmission of 
nerve impulses and, along with tracer studies 
which will begin next summer, should give im- 
portant clues to nerve metabolic processes. 

The nerve studies at the Institute have extens- 
ive possibilities. A more thorough understanding 
of nerve phenomena, say to the extent of our pres- 
ent knowledge of muscle physiology, would be first 
of tremendous import to the medical and psycho- 
logical professions, and so eventually to the lay- 
man. Judging from past discoveries and technical 
advances there is good reason to be optimistic 
about future success in the “Squid Program,” and 
nerve studies in general, at M.I.T. 


The M. |. T. squid truck is prepared for another catch. 
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How engineers designed .0002” 
accuracy into a gear shaver table 


To get the high accuracy necessary in gear shaving 
operations, engineers had to have extreme spindle 
rigidity. If the spindle could be held rigid, it would 
eliminate chatter and vibration. To get this rigidjty, 
engineers mounted the table spindle of this gear shaver 
on Timken® tapered roller bearings. The result—a 
measurement of this gear shaver’s accuracy showed a 
maximum runout of .0002”, exceptional in view of the 
fact that these bearings have 17%” and 16%” bores. 











How TIMKEN’ bearings hold 
spindles in rigid alignment 


Deflection is minimized, end-play and chatter 
eliminated because the tapered construction of 
Timken bearings enables them to take any com- 
bination of radial and thrust loads. Line contact 
between rollers and races gives spindles wide 
support for extra rigidity. 














Want to learn more about 
bearings or job opportunities? 





Many of the engineering problems you'll face after 


graduation will involve bearing applications. For 
help in learning more about bear- 


ings, write for the 270-page Gen- 
TAPERED ROLLER BEARINGS ¢*2\ Information Manualon Timken 
bearings. And forinformationabout 
the excellent job opportunities at 
the Timken Company, write for a 
copy of ‘‘This Is Timken’’. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER <> THE TIMKEN TAPERED ROLLER c> 
BEARING TAKES RADIAL @) AND THRUST -@— LOADS OR ANY COMBINATION =< 
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HIDDEN HENCHMAN ... 


Early man used Nature’s rocks and stones to shape 
and sharpen his crude tools and weapons. Today, 
industry has at its command abrasives that will do 
in seconds jobs that formerly required days of 
tedious toil. 

Yet relatively. few people know or appreciate the 
vital labor-saving, back-stage role which abrasives 
play in the production of practically all mechani- 
cally finished articles. 


MAN-MADE MINERALS... 


Through the centuries man’s ceaseless search for 
better abrasives has paralleled progress in produc- 
tion. Wheel-shaped sandstones replaced rocks. . . 
only to give way to emery and corundum, which 
were sieved, sized, glued to paper and cloth or 
bonded in pottery mixtures to form artificial grind- 
ing wheels. 

But it was by the discovery of silicon carbide and 
crystalline fused alumina— man-made minerals from 
the electric furnace—that the grinding wheel be- 
came a high speed, precision production tool. 


AMERICA WORKS LIKE THAT... 


Industry’s insatiable desire to improve its products 
and make them available at lower cost has sparked 


the specialized skills and knowledge of a myriad of 
men... has led to the development of thousands of 
different styles and types of abrasive products for 
innumerable industrial applications. 

America can work like that because it has an all- 
seeing, all-hearing and reporting Inter-Communica- 
tions System. 


THE AMERICAN INTER-COM SYSTEM... 
Complete communication is the function, the unique 
contribution of the American business press . . . a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to 
manage better, design better, manufacture better, 
research better, sell better, buy better. 


COMMUNICATION IS OUR BUSINESS... 


Many of the textbooks in which you are now study- 
ing the fundamentals of your specialty bear the 
McGraw-Hill imprint. For McGraw-Hill is the 
world’s largest publisher of scientific and technical 
works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill’s many business maga- 
zines will provide current information that will help 
you in your job. 


McGRAW-HILL PUBLISHING COMPANY, INC. 


M-GRAW HILL 4a 
) 330 WEST 42nd STREET, NEW YORK 36, N. Y. NB 7 SUSINESS 
SAW 


HEADQUARTERS FOR TECHNICAL AND BUSINESS INFORMATION 
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Ta Course Helped 
Me Find the Work | Like” 


says HUGH C. SELLS, 


Syracuse University, BS—1942 
and now Manager, Knoxville District Office 











guess I was like many graduating en- 
gineers. I didn’t really know what I 
wanted to do. When the Allis-Chalmers 
representative visited the campus, and 


described their Graduate Training Course, 
it sounded like the type of postgraduate 
training I really needed. 


try the program offers, my interest began 
centering on Service and Erection of large 
equipment. This led me into many depart- 
ments of the company, and I learned about 
everything from steam turbines to sifters 
for flour mills.” 


Valuable Background 


“The wansition from service to sales 
was natural. The background of service 
and erection work proved very valuable. 







“What appealed to me then—and still 
does—is the broadness of the program. 
Here is a company filling a unique spot in 
industry. It makes important, specialized 
equipment for almost any industry you 
can name.” 


Wide Choice of Activity 


“It’s like a big department store for in- 
dustry. But that isn’t all! In addition, it 
offers a wide choice of activity within each 
of these many product groups . . . whether 
it be sales, design, research or production. 

















“So you see, whether you think you 
know what you want to do or not, the 
Allis-Chalmers Graduate Training Course 
is So flexible, so broad in its scope, you 
have a real chance to find yourself. Best of 
all, you don’t have to waste time doing it.” 














“After getting the broad look at indus- 













ELECTRONICS—Modern way to dry 
sand cores is with Allis-Chalmers Foundro- 
matic Sand Core dryer. Revolutionary new 
process dries cores in minutes instead of 


Facts You Should Know About the 
Allis-Chalmers Graduate Training Course 





hours. 










POWER—Neat, compact and safe switch- 
gear installation is big improvement over 
open framework and knife switches in older 
installations. 
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1. It’s well established, having been 
started in 1904. A large percentage of 
the management group are graduates 
of the course. 


2. The course offers a maximum of 24 
months’ training. Length and type of 
training is individually planned. 


3. The graduate engineer may choose 
the kind of work he wants to do: design, 
engineering, research, production, sales, 
erection, service, etc. 


4. He may choose the kind of power, 
processing, specialized equipment or 
industrial apparatus with which he will 
work, such as: steam or hydraulic, 
turbo-generators, circuit breakers, unit 
substations, transformers, motors, con- 
trol pumps, kilns, coolers, rod and ball 


mills, crushers, vibrating screens, recti- 
fiers, induction and dielectric heaters, 
grain mills, sifters, etc. 


5. He will have individual attention 
and guidance in working out his train- 
ing program. 

6. The program has as its objective the 
right job for the right man. As he gets 
experience in different training loca- 
tions he can alter his course of training 
to match changing interests. 


For information watch for the Allis- 
Chalmers representative visiting your 
campus, or call an Allis-Chalmers dis- 
trict office, or write Graduate Training 
Section, Allis-Chalmers, Milwaukee 1, 
Wisconsin. 


ALLIS-CHALMERS 


Foundromatic is an Allis-Chalmers trademark. 






























n.b.s. vindicated: ad-x2 “without merit’ 


By John F. Wells '54 


The Jeffries Committee, named by Secretary of 
Commerce Weeks to investigate all claims on the 
value of the controversial battery additive AD-X2, 
finally upheld the work of the National Bureau of 
Standards while rejecting the M.I.T. tests for lack 
of control. 

In the March issue of the Tech Engineering 
News, this author presented what he considered 
a very interesting, if not amusing, incident in the 
annals of scientific investigation: an apparent 
controversy between two of the foremost scientific 
institutions in the world, the Nationa] Bureau of 
Standards and M.I.T., over a battery additive, 
called by its manufacturer AD-X2. The N.B.S. had 
claimed the additive worthless, while M.I.T. tests 
showed otherwise. The conclusion of that article 
reads as follows: 

“It is interesting to note that the M.I.T. re- 
sults were submitted without interpretation, and 
the men involved in the tests offered no further 
comment on the report to this author when in- 
terviewed, thus leaving the interpretation of the 


carefully compiled data to others and thereby 
avoiding any possibility of embarrassment. 

“The primary interest of this situation to us 
may not lie in whether this battery additive is 
effective or not, although this may be of great 
importance, nor in the fact that a routine test 
led to a four year battle, but in the peculiar cir- 
cumstances by which it arose. It emphasizes, 
again, that the human element is a very difficult 
thing to eliminate in science as in anything else, 
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not only when the time finally comes to interpret 
the mass of accumulated data but also in the 
means and methods by which those data resulted.” 

It was no small surprise to many when this 
affair blew up into a political feud resulting in 
the forced resignation of Allen V. Astin, Director 
of the N.B.S., by Secretary of Commerce Sinclair 
Weeks, on the basis that Astin and the N.B.S. 
were not objective in their tests and had not taken 
into consideration the “play of the market place”. 
The dismissal caused a storm of protest in scien- 
tific circles. Weeks later reinstated Astin on a 
temporary basis and finally on a permanent basis 
after the report issued by the Kelly Committee 
(a separate nine man committee appointed to 
evaluate the N.B.S. as a whole. Its finding: “a 
splendid record’’). 

A prior agreement was made by all interested 
parties including Astin and Jess M. Ritchie, presi- 
dent of Pioneers, Inc., makers of AD-X2, that the 
findings of a ten-man committee, appointed by 
the National Academy of Sciences, to resolve the 
additive dispute, would be final and definitive. 
Zay Jeffries of the G.E. Chemical Division was 
named chairman. 

In a nine and one-sixteenth pound report, the 
Jeffries Committee concluded that “the quality of 
the work of the National Bureau of Standards 
in the field of lead acid storage battery testing is 
excellent . . . Our opinion is that the quality of 
the work of the Bureau in this field is better now 
than at any time in the past”. The committee chose 
only four tests out of all submitted, rejecting the 
M.I.T. tests as not having enough batteries for 
control. The committee felt that the apparent 
controversy and differences of results between 
the M.I.T. report, claimed favorable to AD-X2, 
and the N.B.S. report, which was unfavorable, 
arose, not because of differences of any impor- 
tance, but because of interpretation put on the 
M.I.T. report by a consultant of the Small Busi- 
ness Committee, Dr. Keith J. Laidler, and public- 
ity relating to the interpretation. With regard to 
differences, the committee felt that if a more 
random statistical selection of cells to be treated 
had been made by M.I.T., results would have been 
the same as the N.B.S. 

So ended the “battle of the batteries”! 

But what about the doomed substance, AD-X2? 
Says manufacturer Ritchie, “Whitewash... I’ll 
be whipped on this when they pat me on the face 
with a spade”. 

Well, a Cleveland industrialist, C. Greif Raible, 
has come up with an ultimate solution to the 
problem of cranky storage batteries, battery ad- 
ditive or no. It is a new, all weather hydraulic 
starting device called the “Hydrotor”’. It elim- 
inates the use of storage batteries in starting en- 
gines! 
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This germanium refining 
method keeps impurities 
down to less than 
5 parts in a billion 







A new method of metal refining, currently in use at the 
Western Electric plant at Allentown, results in the pro- 
duction of germanium that is better than 99.9999995 % 
pure — the highest degree of purity ever attained in a 
manufactured product. 

The need for germanium of such exceptional purity 
came about when research by Bell Telephone Labora- 
tories in the field of semi-conductors led to the develop- 
ment of transistors, which are manufactured by Western 
Electric. 

The transistor is a tiny crystal device which can amplify 
and oscillate. It reduces space requirements and power 
consumption to a minimum. 


Various forms which germanium takes before being used in tran- 
sistors ate shown in this photo. Bar at top is an ingot of ger- 
manium after reduction from germanium dioxide. Next is shown 
the germanium ingot after the zone refining process used by 
Western Electric. Below the ingots are shown 3 germanium crys- 
tals grown by machine, 6 slices cut from these crystals, and several 
hundred germanium wafers ready for assembly into transistors. 











Manufacturing plants in Chicago, Ill. * Kearny, N. J. * Baltimore, Md. * Indianapolis, Ind. * Allentown & Laureldale, Pa. * Burlington, Greensboro 








In this refining apparatus, at Western Electric’s 
Allentown, Pa. plant, germanium is passing through 
multiple heating zones in tandem, producing a bar containing 


impurities of less than 5 parts in a billion for use in transistors. 
Note heating coils on the horizontal quartz tube. 


Germanium crystals of the size required in transistors 
do not occur in nature; they are artificially grown at 
Western Electric. At this stage in transistor manufac- 
ture, other elements are introduced in microscopic quan- 
tities to aid in controlling the flow of electrons through 
the germanium. But before these elements can be intro- 
duced, it is necessary to start with germanium of excep- 
tional purity, so that the impurities will not interfere 
with the elements that are deliberately added. 


So Bell Telephone Laboratories devised an entirely new 
method of purification, known as zone refining, which 
was developed to a high-production stage by Western 
Electric engineers. 

In zone refining a bar of germanium is passed through 
a heat zone so that a molten section traverses the length 
of the bar carrying the impurities with it and leaving 
behind a solidified section of higher purity. By the use 
of multiple heating zones in tandem, a number of molten 
sections traverse the bar. Each reduces the impurity 
content thus producing a bar which contains impurities 
in the amount of less than five parts per billion. 
Because of the importance of the transistor in elec- 
tronics, the zone refining process — like so many other 
Western Electric developments — has been made avail- 
able to companies licensed by Western Electric to man- 
ufacture transistors. 

This is one more example of creative engineering by 
Western Electric men. Engineers of all skills — mechan- 
ical, electrical, chemical, industrial, metallurgical, and 
civil — are needed to help us show the way in funda- 
mental manufacturing techniques. 


A UNIT OF THE BELL SYSTEM SINCE 1882 


& Winston-Salem, N. C. * Buffalo, N. Y. * Haverhill & Lawrence, Mass. * Lincoln, Neb. * St. Paul & Duluth, Minn. Distributing Centers in 29 cities 





February, 1954 
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Dane K Leeper 


SCHONBERG: GURRE-LIEDER 
8 12” HSL-100 $18.50 

Chorus and Orchestra of the New Orchestra 
Society, Paris René Leibowitz, cond.; R. Lewis, 
tenor; E. Semser, soprano; N. Tangeman, mezzo- 
soprano; F. Gruber, tenor; J. Riley, bass; aprox 
119 min. NAB curve. 

(This column may, or may not, become a regular 
feature, depending on reader reaction. In any case, 
if every magazine from Radio and Television 
News to the Ladies Home Journal has run record 
reviews, why shouldn’t we?) 

It’s a long jump from Haydn to Schonberg, but 
Haydn Society has made it and landed safely. 
Owning this album is both an education and a 
treat. 

First, the education. Those of you who have 
heard Schénberg’s Pierrot Lunaire, Ode to Na- 
poleon, or Survivor from Warsaw know of his 
Sprechgesang (speech-sing) and his twelve tone 
scale, You may have heard his Transfigured Night 
and know the resemblance this work bears to that 
of Mahler and Wagner. Hearing the Gurre-Lieder 
announced over the radio, without any prepara- 
tion, one does not know whether he will hear 
modern dissonance or romantic melody. You'll 
hear mostly romanticism, with important signs 
of Schénberg’s modernism. 

An excellent and thorough booklet comes with 
the album; in it René Leibowitz describes this 
work as Schénberg’s turning point, where he 
summed up all the ideas and ideals of 19th Cen- 
tury Romanticism, yet uses them to produc? some- 
thing new. He compares the Gurre-Lieder with the 
Ninth Symphony, Beethoven’s turning point. 
Leaving aside any question of the relative great- 
ness of the two composers, a question, possibly 
without meaning, the music lover of today or a 
century from now can only answer for himself, 
the point is valid. In the Ninth Symphony 
Beethoven used the elements of the classical sym- 
phony to produce something new. Compare, also, 
his post-Ninth piano sonatas and string quartets 
with those preceding the Opus 125 Symphony. 
And note the difficulty people even today have 
in learning to enjoy these works. 

Because it sums up so completely Romanticism 
the music should be enjoyable to any lover of 
Berlioz, Wagner, or Mahler. Although not a 
fervent devotee of any of the above, I enjoyed the 
Gurre-Lieder upon first hearing, without the 
benefit of the words, translation, or the plot con- 
tained in the booklet. It held my interest as 
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music, without theatrics, more than any serious 
Wagner opera can do. Repeated listenings do not 
bring me any weariness over certain passages as 
some Mahler does. 

The plot is simple. The Danish poem Schénberg 
set to music in German translation, written by 
Jens Peter Jacobson, involves the Castle Gurre, 
built for the mistress Tove by the king, Waldemer, 
the death of Tove at the hand of the Queen, 
Helvig, and Waldemer’s pursuit of and eventual 
reunion with Tove. Leibowitz terms the work a 
drama-symphony; it is somewhat comparable 
(though he does not make the comparison) to 
Berlioz’ Romeo and Juliet as a combination of 
poetry and music. 

René Leibowitz has made other Schonberg 
recordings, notably for Dial. As an active cham- 
ae of Schonberg and a pupil of the composer, 

e can conduct the definitive performance if any- 
one can. The orchestra plays uniformly well, al- 
ways suave, often gentle, sometimes forceful, but 
never rough. The soloists are very effective in a 
beautifully restrained way, again forceful when 
necessary. The enunciation of the German seems 
excellent—to this reviewer who cannot understand 
German. Richard Lewis, tenor, as Waldemer, the 
principal part, is outstanding. The chorus is very 
effective, but not clear at all, perhaps due to 
microphone blasting, in loud passages. For those 
interested, the large iron chains are heard on 
side 2, about the middle, before Waldemar’s “Es 
ist Mitternachtszeit.”’ 

The advertisements for this album seem cal- 
culated to arouse the interest of high-fi fans. This 
interest is justifiable, but don’t expect the miracle 
of the year in reproduction, As noted above there 
is some blasting of the microphone (Telefunken!) 
affecting occasionally both the chorus and soloists; 
but this is not an uncommon fault on many ex- 
cellent recordings, and, when played on decent 
equipment, not serious here. If your stylus is 
worn, if your speaker system has resonances, or 
if your amplifier is incapable of putting out the 
dynamic range required, watch out, you’ll hear it! 
The reproduction of the orchestra is really fine, 
with the unusual instruments (xylophone etc.) 
standing out sharp when necessary. On my equip- 
ment the recording sounds best when given 
slightly less treble cut than the NAB curve 
specifies. 

Columbia pressed the records, and surfaces 
vary. I’d say they’re poor, but then that would be 
true of 95% of all Columbia pressed recordings. 
There is absolutely no excuse for anything but 
absolutely silent recordings in this day of the 
microgroove. Having learned to hear the music 
through the “breakfast food” (snap, crackle, pop) 
on nearly every recent recording you’ll agree that 
for a high fidelity recording of the highest musical 
interest this record will be hard to beat. 

Oh! One more thing. RCA is rereleasing the 
1932 Stokowski performance of this work. I have 
never heard it so should not make a comparison. 
However, it is said that Stokowski’s direction 
never did please the composer, there are deviations 
from the text, and the recording was never con- 
sidered excellent. Do make the comparison your- 
self, however, as I will; but I’ll keep the Haydn 
Society’s. 
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Cross section of an electric drill 
showing Needle Bearings used on 
the intermediate shafts and on 
the spindle. Note that two of 
these bearings are the closed-end 
type which act as efficient and 
economical seals on shaft ends. 


TORRINGTON NEEDLE BEARINGS 
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help make products more compact 


These days, design engineers have 
to consider sales charts as well as 
blueprints and specifications. 

Two portable electric drills, 
for example, may have the same 
capacity, the same speed, the 
same chucks and the same price, 
yet one may outsell the other. 
Factors like overall appearance, 
compactness, and light weight 
often contribute to product 
success. 


Unique Design 
Promotes 
Compact Designs 


The Torrington Needle Bearing 
has been used in many products 
because of the weight and space 
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THE TORRINGTON COMPANY 


savings it affords. Its unique de- 
sign—a thin hardened outer shell 
retaining a full complement of 
small diameter rollers—gives it 
maximum capacity in minimum 
space. In fact, for its size and 
weight, the Needle Bearing can 
carry higher radial loads than any 
other type of anti-friction bearing. 


Permits Reduction 
in Size and Weight 
of Related Parts 


In the electric drill shown here 
the small size of the Needle Bear- 
ing permits close shaft center 
distances to make for overall 
compactness. And, since Needle 










Torrington, Conn. * South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 
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NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + BALL + NEEDLE ROLLERS 








Bearings are press-mounted in 
plain round housing bores—with- 
out retaining rings or shoulders— 
housings can be made smaller and 
lighter. The fact that Needle 
Bearings require no inner race 
when running on hardened shafts 
results in further savings, without 
sacrificing capacity or durability. 

Needle Bearings are in use on 
many other products where com- 
pactness and light weight are im- 
portant design factors. Aircraft, 
small gasoline engines, hydraulic 
pumps and materials handling 
equipment are just a few of the 
products that utilize the Needle 
Bearing’s high capacity and small 
size to good advantage. 


















Leonardo da Vinci's 
Flying Machine 


In the time of Leonardo da 
Vinci, men had to take great 
risks to further the progress 
of science. The attempt at 
flight pictured here was 
made in 1505—with near- 
fatal results. 


Today: . “Expertinent Without Peril 
+ 


F 


A) 

The risks and costs of exploring industrial, business and scientific 
facts and theories are being cut to the minimum by the use of IBM 
Electronic Computers and Business Machines. 

IBM Machines help tell aeronautical experts the flight characteristics 
of an unbuilt plane; geologists where to drill for oil; business men 
where to look for sales and profits . . . and IBM engineers how to 
design better IBM Machines. 

Helping mankind to pierce the unknown makes a fascinating career. 


INTERNATIONAL BUSINESS MACHINES 
590 Madison Avenue, New York 22, N. Y. 


Type 604 Electronic Calculator 
Principal engineering laboratories and manufacturing operations at 
Endicott and Poughkeepsie, New York, and San Jose, California. 
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Indian engineers who have received their tech- 
nical training in the United States, and who have 
subsequently gone home, fall mostly into one of 
two groups, The first is the happy group of very 
successful engineers; the second is the somewhat 
sad bunch of great failures. We might do weH to 
examine some of the causes of the existence of 
the latter group. 

The several stumbling blocks that the young 
foreign-trained engineer finds strewn in the most 
odd places are both technical and human in nat- 
ure. Let us first examine the technical problems. 
As the American engineering colleges offer an 
excellent opportunity to specialize to a high de- 
gree in any given field, it is very difficult to resist 
the temptation of specializing too much. For in- 
stance, of what tremendous use would knowledge 
of special applications of transistors in computers 
be, if one does not in the first place know if one is 
going to find job opportunities in companies doing 
work in power or electronics? It is entirely pos- 
sible that a man with such a specialized knowledge 
may find himself working on transformers! 

Almost all the knowledge that this young en- 
gineer gets about practical problems and their so- 
lutions is based upon the environment in the 
U.S.A. But when he goes home he will find himself 
in an entirely new environment where neither the 
problems nor the available instruments bear any 
resemblances to the ones he had worked with in 
the U.S.A. The bubbling stream of newly acquired 
knowledge is bound to prompt the young engineer 
to suggest new methods of production or new 
ideas on solving problems. This enthusiasm is soon 
dampened by the cold reception that the new pro- 
posals get from the “old-timers.” A general mis- 
trust of modern methods, largely due to a lack of 
experience with them, is the chief cause of the 
cold reception given to new ideas. 

As though these stumbling blocks were not 
enough, there are many human problems which 
confront the young engineer. Unfortunately in the 
past altogether too many engineers trained in the 
West went through so much Westernization that 
they seemed like strangers to their own people. A 
good many of these “strangers” also had been 
vehemently over-critical of conditions in the In- 
dian factories without bothering to find out the 
causes of their existence. During the several years 
that they spent in the West learning engineering 
-their values of things and ideas changed. When 
they came home, they still clung to this newly- 
acquired framework of reference, and judged all 
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engineering abroad 


The Problems of Foreign-Trained Engineers Working in 
Countries Recently Being Industrialized 


By R. P. Nanavati, G. 









things according to it. They failed to see that 
what may be perfectly acceptable in the United 
States may be most objectionable in India, and 
vice versa. Consider, for example, the fact that 
because labor is difficult to find and costly to pay 
for, it pays the manufacturers in the United 
States to have the maximum number of automati- 
cally controlled processes even though these re- 
quire a large initial outlay of capital. In India, 
however, where labor is relatively easy to find, but 
capital is not, it does not make sense to expect 
and advise that the industrial processes should be 
automatically controlled. 


Many of these young engineers also, unfortu- 
nately, brought back barrels full of pride, and 
false sense of prestige. They felt that they had 
the knowledge ; of course only they could say what 
was right and what was wrong! They laughed at 
the limited knowledge of people around them in 
the subjects of their specialization. 

What kind of feeling could this kind of an atti- 
tude create in the minds of those around them 
other than resentment and prejudice? To top all 
this off there exists gross inequality in pay be- 
tween the foreign-trained engineer and a gradu- 
ate of an Indian university. So we see that these 
sad experiences with some formerly foreign- 
trained engineers could develop a most unhealthy 
antipathy towards all foreign-trained engineers. 

What can an engineer trained in United States 
do about this state of affairs when he gets back 
to India? A great deal can be done if he has or 
develops the right kind of attitude. He should 
understand the background of whatever resent- 
ment that exists against Western-trained engi- 
neers. He should then proceed to fold his halo, clip 
his angelic wings, and climb down from the sev- 
enth heaven. If he shows a respect for the experi- 
ence which his fellow worker has and which he 
himself grimly lacks, and if he at once accepts 
other Indian engineers as at least his equals, then 
he will have made a good start in diluting the 
prejudice of others against him. 

If his new suggestions are turned down, he 
should yet be patient. One of the most important 
things that he should remember is that whatever 
new ideas he puts forward, he should be doing 
this with, not to others. His new suggestions, in- 
deed, should take cognizance of the fact that he 
is in India and that the usefulness of his sugges- 
tions can be measured only according to the Indian 
framework of reference. His thorough grasp of 
the fundamentals will enable him to face with 
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To the E. E. 
or Physics 
Graduate 


with experience in 


Radar 
or Electronics 


Hughes Research and 
Development Laboratories 
are engaged in a con- 
tinuing program for 
design and manufacture 
of advanced radar 

and fire control systems 
in military all-weather 
Sighters and interceptors. 


Hughes Field Engineer 
G. R. Chamters in- 
structs a group of Air 
Force technicians in 
the operation and the 
maintenance of Hughes 
equipment 


YOU WILL serve as technical 
advisor in the field to compa- 
nies and government agencies 
using Hughes equipment. 


TO BROADEN your field of 
experience in radar and elec- 
tronics you will receive addi- 
tional training at full pay 
in the Hughes Laboratories to 
become thoroughly familiar 
with Hughes radar and fire 
control equipment. 


AFTER TRAINING you will be 
the Hughes representative at 
a company where our equip- 
ment is installed; or you 
~>=> will direct operation 
of Hughes equipment at 

a military base. 


THE GREATEST advancements 
in electronics are being made 
in this sphere because of mili- 
tary emphasis. Men now under 
35 years of age will find this 
activity can fit them for future 
application of highly advanced 
electronic equipment. 


Development 


Laboratories 


SCIENTIFIC 
AND 
ENGINEERING 
STAFF 


Culver City, Los Angeles County, Calif. 
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confidence problems. which are 
different in their outward ap- 
pearance, yet alike in funda- 
mentals to the ones he has ac- 
quired the tools with which to 
solve. 


If the young engineer’s ap- 
proach is right and his attitudes 
are correct, it will not be diffi- 
cult to melt all ice of prejudice 
and establish in its place a gar- 
den of hope and faith. He can 
open new eras of glorious tomor- 
rows by introducing new tech- 
niques. His will then be the sat- 
isfaction of having given measr 
urable help in building up a na- 
tion both technologically and 
economically. 


A foreign-trained engineer can 
serve one other great caus2. As 
he has had the rare opportunity 
of having lived, for a consider- 
able length of time, in a wholly 
different country and amongst 
different people than his own, he 
is in a position to make the two 
nations and their peoples more 
understandable to each other, for 
what the world needs today is 
understanding. One people may 
not agree with another, but it is 
absolutely imperative that they 
understand each other; for that 
is what will make them more 
tolerant towards each other, and 
more appreciative of each other’s 
merits. 'The Western-trained en- 
gineer from the East can help 
bridge the gap between the East 
and the West which snarls at us 
today. 


The example considered above 
of an Indian engineer who is 
trained in the United States has 
many a counterpart in a great 
many other countries in numer- 
ous cases. Formerly nations have 
given financial, economic, mili- 
tary and other kinds of aid with- 
out any regard to the fact that 
any such aid is interconnected, 
whether we want it or not, with 
the human problems in the na- 
tion aided, Some of the results 
that such thoughtless aids have 
brought have been most disas- 
trous. It has only recently been 
recognized that no amount of 
economic or military aid to any 
nation will really solve its prob- 
lems unless such aid is carefully 
complemented with measures 
which take simultaneous cogniz- 
ance of the human problems in- 
volved. 
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——— BASIC TECHNIQUE 


Wire element is uniformly and 
tightly wound on an insulated 
core. Axial leads or other termi- 
nations are secured to element 
by automatic machinery. Insu- 
latéd housing may be used or 
omitted. 


SPECIFIC 


| IRC 7 and 10 watt Power Wire Wounds 
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Precision, high-speed winding 
equipment for IRC elemehts 


IRC WINDING SKILL OFFERS 
REALISTIC SAVINGS TO INDUSTRY 


... another reason why engineers specify IRC Resistors 


Savings in the initial cost and assembly of component 
parts are an increasingly important factor to electronic 
engineers. That’s why they depend upon IRC for their 
resistor requirements. IRC’s mastery of winding wire 
elements—dating back more than 25 years—today pro- 
vides a wide variety of unique units that offer realistic 
possibilities for savings. 


INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
in Canada: International Resistance Co., Toronto, Licensee 





turning over a new wheet 


By Karl E. Ludvigsen, '56 


Uncle Karl Drives the Porsche, Panhard and Studebaker 


Engineers all over the world will admit that 
American cars are in a class by themselves when 
judged by engineering effort per pound, but this 
effort is often diverted into channels that lead 
far from the automobile itself. In Europe, where 
one man may be responsible for the design of an 
entire car, and where limited production allows 
facile and frequent design alterations, engineers 
have probed into relatively untested regions and 
have come up with remarkable and efficient de- 
signs that point the way for future endeavors. 
Two such cars, the familiar Porsche and the less 
common Dyna Panhard Junior, recently passed 
through our hands, and we would like to give de- 
tails and impressions of them here, 

The Porsche concern of Stuttgart is now headed 
by the son of the late Dr. Porsche, and functions 


This very rare and handsome factory-built Porsche road- 
ster was once the property of Bill Lloyd. 


primarily as a consulting engineering firm. They 
do, however, build a sports car which has become 
very popular in the United States. The Porsche 
car took shape in the mind of one of the greatest 
automotive engineers we have ever known, and 
is built by hand by a small group of Germany’s 
best craftsmen. A pressed steel 
platform utilizing box sections is 
the basis of the car, and the en- 
gine and drive system are lo- 
cated at the rear. The power 
plant is a flat opposed four cyl- 
inder unit, available in sizes up 
to 1500 cubic centimeters, and 
featuring an “‘over-square”’ bore- 
stroke ratio. The pushrod-op- 
erated overhead valves open 
into a hemispherical combus- 
tion chamber. Air cooling is em- 
ployed, and the deeply-finned 
cylinders are shrouded to direct 
the air from the large blower 
mounted atop the engine. The 
cylinder walls are unusual in 
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that there is no steel liner, but rather the alumi- 
num walls are directly chromium-plated and spe- 
cially knurled to retain oil, The engine is behind 
and the gearbox is ahead of the rear axle, the 
differential housing being in unit with these and 
bolted to the frame. Rear suspension is by swing 
axles while trailing arms are used at the front, 
torsion bars being the elastic medium in both 
cases. This system gives a roll center above the 
axle in the rear and at ground level in the front. 
The body-work is of the highest quality, and the 
lines of the car are extremely functional in a very 
attractive way. 

The engineering excellence of the Porsche gives 
promise of interesting qualities on the road, and 
this promise is fulfilled. The separate front seats 
are well formed to keep the driver in plac2 and 
erect. The relatively small steering wheel is not 
adjustible but is at a good angle, and the con- 
veniently placed floor gear lever is remarkably 
precise in consideration of its distance from the 
gearbox. The running of the engine cannot be 
described as smooth or silent, but the unit gives 
a feeling of remarkable torque at low speeds for 
its size that is later borne out. The first impression 
of the car on the road concerns its remarkably 
light and precise steering. It is only necessary 
to “wish” the car in a certain direction to have 
it respond quickly and accurately. The brakes 
were also impressive, the car seeming to crouch 
down and cling when they were applied. The car 
tested was a 1952 model and thus lacked the very 


good synchromesh system later developed by the 
Porsche works. The “crash” type box was a great 
deal of fun, but when one is in a hurry synchro- 
mesh is appreciated, As in all small-engined cars, 
the Porsche gearbox demands full use for best 
performance, and when this is done there are few 


The Studebaker has excellent vision and trim lines in the rear. 
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cars that can pass it by at any speed. The remark- 
able suspension allows the most winding of roads 
to be negotiated at very high speeds, once the 
unique characteristics of rear engine and swing 
axle springing are mastered. On the other hand, 
the overdrive on fourth gear and the very short 
stroke engine produce a car that is supremely 
happy on the fastest of American toll roads. The 
driver enjoys a fine ride and vision over the low, 
broad hood that is second to none. Dr. Porsche’s 
creation thus comes very close to being the ideal 
sports car for the American continent, and these 
qualities combined with its excellent economy of 
operation have made it a frequent sight in that 
area. 


The smooth lines and air cooling ducts of the Porsche 
are easily seen here. 


The French Dyna Panhard Junior is built by 
the firm of Panhard and Levassor, one of the 
oldest automotive producers in the world. By this 
standard, it might be expected to be a conservative 
car that had never risked public disapproval by 
unconventional] design features, The Dyna, how- 
ever, is one of the most unusual cars to be found 
anywhere in the world, There are at present but 
a handful in the United States, but the importers 
are currently considering a more extensive in- 
vasion. It is much like the Porsche, and yet much 
different from it. It has a flat opposed air cooled 
engine, with all drive components in one unit, 
but the engine has only two cylinders, and is 
placed in the front of the car, front wheel drive 
being employed. The 610 cubic centimeter power 
plant nestles just behind the front bumper, the 
tollowing units in a rearward direction being the 
clutch, the four-speed non-synchromesh gearbox, 
the final drive unit, and the occupant’s feet. This 
arrangement produces a_larger-than-ordinary 
overhang at the front, and allows a very short 
wheelbase. The engine is a mass-production unit, 
but the rest of the car is very much special, save 
the dashboard and the rear suspension assembly. 
These components are all attached to a very light 
shell structure of stee] sheet and tubing, which 
forms both chassis and body. The latter has a 
brutally simple shape, with a squarish nose and 
tapered tail, giving good aerodynamics particu- 
larly with the very effective top and side curtains 
erected, The interior is austerely finished in lea- 
therette, but there is room for three passengers, 
and there is a wealth of luggage capacity behind 
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the seat. Legroom is a bit inadequate for the tall 
driver, and the gear lever hangs down from under 
the dashboard. 

The Panhard has about the same valve ar- 
rangement as the Porsche, except that torsion 
bar valve springs are employed. The aluminum- 
finned cylinders have steel liners, and no ducting 
of any kind is used from the two-bladed fan at 
the front of the car. Roller main and connecting 
rod bearings allow the engine to turn up over 
5000 revolutions per minute, at which speed it 
develops 28 horsepower. The front drive operates 
through two splined and universally-jointed shafts 
that pass to the wheels between the two trans- 
verse leaf springs that comprise the front sus- 
pension, The rear wheels are attached to a solid 
axle which is nevertheless cleverly pivoted and 
sprung by torsion bars to give a semblance of in- 
dependence. The front springs are very stiff, 
while those at the back are soft but well damped, 
since the rear wheels must act rather like a trailer. 
Steering is by rack and pinion, and has about the 
same ratio as the M.G. TD. 

The car is started in much the same way as a 
motorcycle, and a hand spark advance is provided 
on the dash for this purpose, Once warmed up, 
the engine idles with impressive slown?ss, and 
shows a welcome willingness to “rev”. The gear 
ratios are well chosen, and the size of the gears 
makes shifting simple in spite of the lack of help 
from the transmission, Acceleration is creditable 
for the engine size, and a useful third (good 
up to 60 miles per hour) and an overdrive fourth 
make a very capable highway car. The true top 
speed was between 70 and 75, and a cruising speed 
of 65 was well within the car’s limits. At lower 
speeds, of course, the engine cannot be described 
as smooth, but when it gets into its stride those 
two cylinders go to work in a very effective 
manner. The car tested had done about 13,000 
miles, and at that distance the gears were very 
noisy, with a particularly annoying howl in top 
at medium speeds. Front wheel drive produces a 


The Panhard engine location is unusual but effective for 
an air-cooled unit. 





car with unusual handling qualities, and we are 
certain that, properly driven, a Dyna Junior will 
corner with the very best. The steering is quick, 
though a trifle heavy, and with the car aimed in 
the right direction, the power full on, and traction 


(Continued on page 46) 
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Successful designs must have 
low manufacturing costs. 


HOW TO CUT COSTS 
WITH WELDED 
PRODUCT DESIGN 


OW manufacturing costs are a 
“must” in today’s product plan- 
ing. As a result, every engineer must 
know, above all, how to eliminate 
needless cost in machine designs. 


First consideration in designing 
machinery must be the material used. 
Steel is three times stronger, twice 
as rigid as cast iron, yet costs only a 
third of the price of gray iron. 


That’s why machine parts built 
with welded steel designs often cost 
50% less to produce. 


Fig. 1. Original construction of gear case 
cover weighed 66 pounds... required milling 
of bottom edge for oil-tight seal with gear case. 


Fig. 2. Steel designed gear case cover 
now used weighs only 10 pounds... costs half 
as much to produce. Fabricated entirely in 
the manufacturer's own shop by arc welding. 


Keep in step with the rapid progress in manufac- 
turing with arc welding. Latest design develop- 
ments are available in bulletins and handbooks 
that guide the engineering student. Write 


THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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how to write a text book 


(By an anonymous M. I. T. professor) 


In writing a textbook, one must first choose a subject which is 
straight-forward and not very complicated; in short, a subject in 
which there is far too little confusion among students. Next, con- 
sider the practical applications.of the subject and determine the 
page on which you will refer to them with a footnote. Then take 
the remaining material and sort it at random into twenty-five 
buckets. Call each bucketfull a chapter. 


Use Impressive Titles 

Make the title of each chapter as impressive as possible. (You 
can really wow ’em with a big, hairy title. Bessel’s Functions is a 
good one—it would even frighten a school girl of four.) Organize 
the material of each chapter in such a way that you cut down the 
number of sections, paragraphs, and equations to about twice 
what is necessary. Assign each equation a simple reference number ; 
such as the first number of the corresponding page of the telephone 
book. Another thing, never write down an equation without re- 
ferring back to at least five or six others. 


INTUITIVELY 


__ OBVIOUS 


Equations are of Theoretical Interest Only 

The equations on each chapter should gradually lead up to one 
fundamental equation. Give the name of the fellow who derived 
it, and end each chapter by saying, “This fundamental equation is 
of theoretical interest only, as we shall see in a later chapter.” In 
this later chapter, you derive another fundamental equation and 
say, “Of course this reduces to the equation of the previous chapter 
for the trivial case. More complicated cases are beyond the scope 
of this book.” (One can avoid the boring repetition of this phrase 
by saying “—will be found in—” and give a reference. 

As for the derivations themselves, if you cannot locate a proof 
less than a page long, say “This can easily be shown.”” When you 
can find no proof whatsoever, write, “It is intuitively obvious,” or, 
“Brief consideration will demonstrate.” In the course of your 
derivations, leave out as many steps as possible. Use the steps, 
which have been left out as problems for the end of the chapter. 
Diagrams should always be drawn using three coordinate axes, 
three rotated axes, and twelve reference angles. Use Greek letters 
at all times, especially groups of them which rhyme, like beta, 
zeta, eta, and theta, or xi, pi, phi, chi, and psi. The students will 
be charmed by the poetic quality of these combinations. 

At the end of the last chapter, write an apologetic paragraph 
which should run something like this: “This text is by no means 
complete. If we have left out anything, it is not because we have 
attempted to avoid mathematical analysis, but because we deeply 
hope that the reader wishes to look in other sources for further 
material.” You might casually mention that the last work on the 
subject will be found in your other book. (There are exceptions 
to this type of ending. One of my colleagues, for instance, has 
closed with the stirring words, “The factor 2 is introduced be- 
cause the cylinder intersects the sphere below as well as above 
the xy-plane.’’) 
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To many people, Grinnell is known best as a pro- 
ducer of high quality malleable and cast iron pipe 


fittings be ie a or perhaps as 


the manufacturer of Grinnell Automatic 
Sprinkler Systems. But there are other 
reasons behind Grinnell’s leadership in the 
piping field. For example... 


Grinnell makes PIPE HANGERS and SUPPORTS of 
all types... from the simplest hanger for domestic 
service to engineered hangers which provide flex- 
ible but constant support for piping at such tem- 
peratures as 1000°F. 


TWisTO00, i 
RINNELL! 


WELDING FITTINGS 
and FLANGES 


Grinnell manufactures special VALVES, including 
DIAPHRAGM VALVES... designed to handle cor- 
rosive fluids, gases, beverages, foods, compressed 
air, suspended solids... in lines where corrosion, 
abrasion, contamination, clogging, leakage and 
maintenance are costly factors. 


Grinnell WELDING FITTINGS and FLANGES are 
available in many different metals. 

Grinnell, in short, offers industry a full line of 
piping supplies — including pipe, valves, fittings, 
hangers and other piping products. GRINNELL is 
an experienced well-rounded team of piping spe- 
cialists, backed by highest quality products. 

















@ _ GRINNELL worms: ves mvowe 


Grinnell runs a six-months training course at Providence, 
R. 1. to acquaint engineering college graduates with mod- 
ern piping engineering practice and products and with 
Grinnell Company operations. If you are a graduating or 
a graduate engineer, the Grinnell training course offers 








you an exceptional opportunity for a sound education in 
piping engineering and sales and good chances for ad- 
vancement. For further information, write directly to:— 
H. B. Cross, Executive Secretary, Grinnell Company, Inc., 
Providence, Rhode Island. 
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briefing the news 


Electronic Translation 


Russian was translated into English by an elec- 
tronic “brain” recently for the first time. 

Brief statements about politics, law, mathe- 
matics, chemistry, metallurgy, communications 
and military affairs were submitted in Russian 
by linguists of the Georgetown University Insti- 
tute of Languages and Linguistics to the famous 
701 computer of the International Business Ma- 
chines Corporation. And the giant computer, with- 
in a few seconds, turned the sentences into easily 
readable English. 

A girl who didn’t understand a word of the 
language of the Soviets punched out the Russian 
messages on IBM cards. The “brain” dashed off 
its English translations on an automatic printer 
at the breakneck speed of two and a half lines per 
second. 

“Mi pyeryedayem mislyi posryedstvom ryechyi,”’ 
the girl punched. And the 701 responded: ‘We 
transmit thought by means of speech.” 

“Vyelyichyina ugla opryedyelyayetsya otnoshy- 
enyiyem dlyini dugi k radyiusu,” the punch rat- 
tled. The “brain” came back: ‘‘Magnitude of angle 
is determined by the relation of length of arc to 
radius.” 

More than sixty Russian sentences were given 
to the “brain” altogether. All were translated 
smoothly in the demonstration performed jointly 
by Georgetown and IBM. 

A handful of men had been individually engaged 
in research at various institutions for almost a 
decade to make a machine convert the meaning of 
words clearly from one language to another. No 
practical results were achieved until Georgetown 
a year and a half ago enlisted the aid of the most 
versatile electronic “brain” extant, the IBM 701. 

This instrument was interrupted in its 16-hour- 
a-day schedule of solving problems in nuclear 
physics, rocket trajectories, weather forecasting 
and other mathematical wizardry. Its attention 
was turned at brief intervals from these lightning- 
like numerical] calculations to the altogether differ- 
ent consideration of logic in an entirely new and 
strange realm for giant electronic data processing 
machines: the study of human behavior—specifi- 
cally, the human use of words. 

So far as IBM’s big 701 was concerned, today’s 
demonstration could have been carried out with 
English and any one of a number of languages. 
Russian was chosen by the Georgetown linguist 
because present-day understanding of the Soviet 
by western countries is impeded by the relatively 
small number of students of Russian as opposed 
to a steadily growing accumulation of Russian tex- 
tual material whose true significance cannot even 
be estimated until its content can be converted 
into English. They chose scientific and technical 
subjects as their first source because that type of 
writing is done with words having highly special- 
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ized meanings, and it is possible to predict that if 
a word appears in a certain context the chances 
of its having a certain meaning are extremely 
high. 

The same probabilities of accurate prediction 
occur in other fields of technical writing, such as 
medicine and engineering. Consequently, Doctor 
Dostert assumes that electronic translation will 
begin with separate dictionaries for each technical 
area, and that as experience with them grows, 
enough will be learned to permit accurate transla- 
tion of our common everyday language, in which 
are such illogical and unpredictable words as 
“charleyhorse.” 

What the electronic translators have actually 
done is to create an entirely new electronic lan- 
guage. They have taken normal words and at- 
tached to them tags or signs which give each word 
a precision it does not usually possess. These signs 
actually denote rules of grammar and meaning. 
Although only six rules were used during the 
demonstration, the six were enough to cover all 
the words in all the sentences the 701 was asked 
to translate. The “brain” could translate only be- 
cause these rule-tags were hitched onto normal 
words, for it cannot think independently. It can 
only perform tasks in obedience to detailed in- 
structions prepared by human minds. And the 
minds of the Georgetown linguists could not give 
the “brain” dependable instructions until they 
themselves had worked out foolproof means of 
telling in advance how to translate a word which 
had more than one meaning. 

The six rule-tags were the solution. Those par- 
ticular six were chosen because they have a 
broader effect on language translation than any 
other rules studied by the Georgetown linguists. 
Doctor Dostert estimates that it may take as many 
as one hundred rule-tags to translate scientific and 
technical literature in general. But, no matter how 
large the number becomes the six will remain 
basic. The six rules govern transposition of words 
where that is required in order to make sense, 
choice of meanings where a word has more than 
one interpretation, omission of words that are not 
required for a correct translation, and insertion 
of words that are required to make sense. 

Here is an explanation of the mechanics in- 
volved in the operation of one rule which governs 
transposition of words where such inversion is 
required in order to make sense. 

We begin with the Russian gyeneral mayor. 
These two words must be reversed to arrive at the 
proper translation in English: major general. 

The switch is assured in advance by attaching 
the rule sign 21 to the Russian gyeneral in the 
bilingual glossary which is stored in the machine, 
and by attaching the rule-sign 110 to the Russian 
mayor. 

The stored instructions, along with the glossary, 
say “whenever you read a rule-sign 110 in the 
glossary, go back and look for a rule-sign 21. If 
you find a 21, print the two words that follow it 
in reverse order.” 

So the instant the “brain” is given gyeneral 
mayor to translate, it looks in the glossary, finds 
the two words there, reads the rule-sign 110, goes 
back and finds rule-sign 21, and automatically acts 
accordingly—all in the twinkle of an eye. 
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BEYOND THE HORIZON.®W 


Progress in reaction-motor propulsion becomes possi- 
ble only as the metallurgist supplies new alloys to withstand 
the stresses, temperatures, and corrosive attack developed 
by new rocket fuels. 

Molybdenum additions to many alloys are known to 
improve strength at high temperatures. For this reason 
Molybdenum will be used more and more in the reaction 
motors of the future. 

Climax furnishes authoritative engineering data on 
Molybdenum applications. 


Cli O n any 
500 F ity Me. * N.Y. 
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William R. Parlett, Cornell 48, Sets Sights 


on Executive Sales Job 


BILL PARLETT has learned that 
helpful engineering suggestions 
promote good customer relations, 


eee i eS 
fo : 


“Within the next ten years’’, says William R. Parlett, young 
Worthington Sales Engineer, “many of the officers of the 
corporation, district office sales managers and top salesmen 
will be retired. 

“Appreciating the fact that someone must fill these jobs, 
our management is striving to develop capable leadership 
among the younger men of the corporation. 

“As a prospective Worthington Sales Engineer, I received 
several months of classroom instruction by works managers, 
top sales personnel and application engineers at all of the 
Worthington plants. The background I obtained was a sound 


basis for further development and learning gained in one of 


FOR ADDITIONAL INFORMATION, see your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N. J. 


" RRA oF 
> 


the product sales divisions and then in a district sales office. 
After obtaining sufficient product knowledge and sales training, 
I was ready to sell directly to industry. As more important 
sales assignments are available, I feel I will progress in propor- 
tion to my own development and sales performance. 

‘As a Worthington salesman I contact a class of trade with 
which it is a pleasure to do business. The company’s reputation 
is a key to a welcome reception by my customers. 

“I have found that with Worthington you have job satisfac- 


tion, adequate compensation, and unlimited opportunity.” 
When you're thinking of a good job, think Aigh—think 


Worthington. 34 


—_ = 


pe . me ~~ 
iii RO 


THE TECH ENGINEERING NEWS 





THE DU PONT 


DIGEST 


A major in glibness and a minor in 
solid information—those were the 
mythical requirements for a sales- 
man in the old days. But they really 
never sufficed for a man selling the 
products of chemical technology. 


Today, the diverse applications of 
Du Pont’s 1200 products and prod- 
uct lines create a need for trained 
sales personnel representing many 
different technical backgrounds. 
These men must deal intelligently 
with problems in chemistry and en- 
gineering applied to such fields as 
plastics, ceramics, textiles, and many 
others. 


Du Pont technical men are as- 
signed to various types of technical 
sales activity. In some spots they are 
equipped to handle all phases of sell- 


James A. Newman, B.S. in Ch.E., North Carolina State (left), discusses study of optimum 
settings and conditions for carding nylon staple with Prof. J. F. Bogdan of North Carolina 


State’s Research Division. 
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Technical 
Sales 


ing. In others they deal mainly with 
customer problems. Also, certain de- 
partments maintain sales develop- 
ment sections, where technical prob- 
lems connected with the introduction 
of a new product, or a new applica- 
tion for an established product, are 
worked out. 


For example, a technical man in 
one of Du Pont’s sales groups was 
recently called upon to help a cus- 
tomer make a better and less expen- 
sive hose for car radiators. Involved 
were problems in compounding, such 
as choice and amount of neoprene, 
inert fillers, softeners, accelerators, 
and antioxidants. Correct processing 
methods also had to be worked out, 
including optimum time and tem- 
perature of milling and extruding. 
The successful completion of this 


project naturally gave a good deal 
of satisfaction to the customer as 
well as Du Pont. 


In another case a customer wanted 
to reduce carbon contamination of 
arc welding rod stock. A Du Pont 
technical service man suggested 
changes in cleaning procedures that 
lowered contamination by 90 per 
cent. The new process also reduced 
metal loss during heat treatment—a 
benefit that more than offset the cost 
ofthe additional cleaning operations. 

Technical men interested in sales 
work usually start in a laboratory or 
manufacturing plant where they can 
acquire needed background. Depend- 
ing on their interest and abilities, 
they may then move into technical 
sales service, sales development, or 
direct sales. 

In any of these fields, the man 
with the right combination of sales 
aptitude and technical knowledge 
will find interesting work, and excep- 
tional opportunities for growth in the 
Du Pont Company. 


W. A. Hawkins (left), B.S.M.E., Carnegie 
Tech., demonstrates extrusion of ‘“Teflon” 
tetrafluoroethylene resin for a customer. 


ASK FOR “Chemical Engineers at 
DuPont.” This new illustrated booklet 
describes initial assignments, training, 
and paths of promotion. Just send a 
post card to E. I. du Pont de Nemours 
& Co. (Inc.), 2521 Nemours Building, 
Wilmington, Delaware. Also avail- 
able: “Du Pont Company and the 
College Graduate” and ‘‘Mechanical 
Engineers at Du Pont.” 


8t6. us. pat OFF 


BETTER THINGS FOR BETTER LIVING 
. » » THROUGH CHEMISTRY 


Watch “Cavalcade of America” on Television 
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The wonders of the ocean's fl00P ace duplicated in 
two giant tanks at Marine Studios, at Marineland, Fla. More than 
30,000 live undersea specimens are presented in their natural setting, 
and into these tanks are pumped more than 7,000,000 gallons of sea 
water per day. 

Okolite-Okoprene cable was selected as the most reliable means of 
supplying power to the motors which pump this water. Power is 


taken from a 2300-volt circuit and stepped down to 220-110 volts, 


for motors ranging from 1/, to 30 h.p. 
The corrosive influence of salt water and salt air has virtually no 
effect on the tough Okoprene sheath which protects Okolite-Okoprene 


cable. 
@e@ @ 
Tough jobs are the true test of electri- 


cal cable... and installations on such 
jobs usually turn out to be Okonite. 


r+) Bs i T E FR insulated wires and cables 
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a new wheel 


(Continued from page 39) 


for the front wheels, it seems capable of anything. 
There is no perceptible roll during such manoeu- 
vres, and yet the Dyna rides much better than the 
popular M.G. Considerable driving was done on 
slippery and icy roads, under which conditions 
we had much more control than in any other car 
we had driven. No direct measure was taken of 
economy, but the car used about a dollar’s worth 
of Ethyl] during several days’ active driving. Pan- 
hard’s engineers succeeded well in producing a 
remarkably fast car for its size through design 
innovations and intelligent weight reduction. 

The mid-year vacation afforded us a chance to 
drive one of the new Studebaker Starliner coupes 
for over 600 miles, and we would like to give our 
impressions of the car here, This particular ve- 
hicle was a 1953 model, a Commander V-eight 
with the Automatic Drive. Studebaker and Ray- 
mond Loewy have been long and deservedly lauded 
for the sleek and rakish styling of this car, and 
few will contest that this car is one of the hand- 
somest America has ever produced. How this 
styling works out in practice, however, was our 
concern during our turn at the wheel, Vision, of 
course, is excellent. We were able to see the 
ground about a yard in front of the car, and there 
were no serious blind spots. The driving position 
is very pleasant at first to someone used to rela- 
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tively low foreign cars, and legroom is adequate 
for the long-legged driver, However, over a long 
distance, a few faults show up. The seat has the 
feeling of being canted more to the front than 
usual, and this may have been done to provide 
steering wheel clearance in the exceptionally low 
design, Also, the instrument panel, while highly 
decorative, was difficult to read rapidly at turn- 
pike speeds and featured a very awkward placing 
of the otherwise satisfactory toggle switches. 


Enthusiasts often question the handling qual- 
ities of these cars, and it can be answered that 
the low center of gravity and relatively good 
weight distribution give a car that is a pleasure 
to drive on American highways and toll roads. 
We were consistently able to exceed the speeds 
of other cars on curves and pike entrys without 
incurring tire squeal. The latter will be heard 
much before the car begins to lean appreciably, 
and both take place at relatively high speeds. The 
steering retains a typically American ratio, but 
it has the virtues of directness and lightness. The 
ride is not spectacular by Detroit standards, but 
it was completely satisfactory save under very 
special conditions, A rough stretch of concrete set 
up sufficient rear axle vibration to cause us to 
stop and check the tires. The overall construc- 
tional standard of the body cannot be described 
as high. The hood and trunk lid were not braced, 
and while they are doubtless light, they are very 
flimsy. This impression, unfortunately, was gen- 
eral. The engine and running gear, however, were 
quiet and seemingly sound. Studebaker’s new V- 
eight was designed with larger than usual safety 
and longetivity factors, and it is a responsive and 
efficient power plant. The Automatic Drive seemed 
to be set up for maximum economy of operation. 
It is possible to contro] the one shift point by ac- 
celerator pressure, but a predigious lead foot is 
required to make this take place much above 
twenty miles per hour. This is not the case with 
the very similar Ford transmission, which has 
several desirable features, but which does not 
have the direct drive high, While annoying at 
times, this setting paid off, the gasoline mileage 
on the trip being closer to twenty than to fifteen 
miles per gallon. 120 horsepower doesn’t count 
for much among today’s high-powered behemoths, 
but the light weight and efficiency of the Stude- 
baker design allow it to be put to work in a 
pleasingly potent manner. The car accelerates 
quickly and effectively from all speeds, given the 
proper functioning of the Automatic Drive, and 
is capable of cruising at high road speeds without 
distress. When the engine was idling normally 
there was no “creep” whatsoever at traffic lights, 
thanks to an exclusive Studebaker feature. 


To sum up, then, the styling is wonderful, but 
there are a few penalties in convenience. The light 
construction gives a responsive and economical 
car, but leaves an impression of flimsiness. The 
engine and drive are more than satisfactory when 
correctly operated Handling qualities do not come 
close to making the Studebaker a sports car, but 
for the driver who wants more than the normal 
degree of stability while driving rapidly on Amer- 
ican roads the Starliner is ideal. 
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HOW 
HERCULES 
HELPS... 


Hercules’ business today helps almost 
everyone's business. It embraces the 
production of synthetic resins, cellulose 
products, chemical cotton, terpene 
chemicals, rosin and rosin derivatives, 
chlorinated products, and many other 
chemical processing materials—as_ well 
as explosives. Through close cooperative 
research with its customers, Hercules 
has helped improve the processing or 
performance of many products. 

te 

Paper towels absorb more moisture without falling apart when Hercules Kymene* 
resins are added in manufacture. These resins, a few of many of Hercules’ varied 
papermaking chemicals, help improve many other types of wet-strength papers 
and paperboard, including map paper. V-board. and bag papers. 


... 10 GREASEPROOF FLOOR TILE 


Vinyl and asphalt-type floor tiles are | Lacquer made with nitrocellulose and 
processed with Neolyn® or Mastolyn® —_ other Hercules ingredients gives more 
resins to give them “built-in” resist- and more cars, trucks, and buses their 
ance to both grease and alkalic-, while lustrous, longer-lasting beauty. No 
lowering manufacturing costs. other finish dries so fast. 


HER C ees ES HERCULES POWDER COMPANY Wilmington 99, Delaware 


Sales Offices in Principal Cities 
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Undoubtedly you will recognize 
this application of a familiar tech- 
nique for studying stresses. In this 
case, it was used to develop gears 
that are less than 5 inches in 
diameter yet easily transmit over 
1000 horsepower. 


Inherently, the design and de- 
velopment of aircraft engines offers 
unusual opportunities for applying 
basic engineering principles 
learned in school. In few other 
places can a technical graduate 
utilize his education and abilities 


teeth for a 1000 h.p. bite... 


more fully — gain recognition and 


advancement. 


Many of our engineers who had 
important roles in developing the 
most powerful jet engine known to 
be in production — rated in the 
10,000-pound thrust class — are 
still in their twenties. 


To those young graduates who 
can see the career possibilities in 
the rapidly evolving field of air- 
craft propulsion, we can offer a 
real opportunity for growth and 
professional development. 


PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 


East Hartford 8, 


Connecticut 
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PHOTOGRAPHY AT WORK—No. 7 in a Kodak Series 


Photogra 
reads the meters 
2500 avhour! 


Dial a call—an accurate register counts it— 
then each month photography records the total, 
precisely right, ready for correct billing. 


WENTY-FOUR hours a day, hundreds of thou- 
‘Deo of dial phones click their demands in 
many central exchanges of the New York Telephone 
Company. 


Little meters keep careful tally of the calls. Then 
the night before each bill is dated, photography 
reads the up-to-the-minute totals in a fraction of 
the time it could be done in any other way. Here is 
an idea that offers businesses everywhere simpli- 
fication in copying readings on meters, dials or 
other recording instrumentation. 

Photography fits this task especially well for two 
reasons. It is lightning fast. It can’t make a mistake. 

This is another example of the ways photography 
saves time, cuts costs, reduces error, improves out- 
put. In large businesses—small businesses—photog- 
raphy can do big jobs. In fact, today so many new 
applications of photography exist that graduates 
in the physical sciences and in engineering find 
them valuable tools in their new occupations. Other 
graduates—together with returning servicemen— 
have been led to find positions with the Eastman 
Kodak Company. At New York Telephone Company exchanges a 
If you are interested, write to Business and Tech- unique camera records the dial message register 
nical Personnel Dept., Eastman Kodak Company, readings—up to 25 at a clip—saving countless & 


Rochester 4, N. Y man-hours of labor, assuring utmost accu- 
: ie oe racy and at the same time providing a 


permanent record, 


Eastman Kodak Company 


Rochester 4, N. Y. Ko d re | k 





RESEARCH—World famous for its achievements in both pure and 
applied science, G-E research is led by scientists whose names are 
known everywhere. The many Company laboratories cover a wide 
range of scientific investigations. Research activities include physics, 
chemistry, metallurgy, mechanical and electrical problems, ceramics, 
and many other fields. 


ENGINEERS 


IS YOUR CAREER HERE? 


Sound engineering is one of the foundation stones of 
General Electric’s leadership in the electrical industry. 
The importance of the role of the engineer has been 
recognized from the very beginning of the Company. 
Since 1892, G.E.’s Engineering Program—the oldest on- 
the-job training program in industry—has been affording 
young engineers widespread opportunities for professional 
development. 

Besides the engineering fields briefly described here, 
career opportunities with a bright future are waiting for 
engineers in other important fields at General Electric 
. .. in manufacturing engineering . . . sales engineering 
. installation and service engineering . . . advertising 
. administration . . . other specialties in engineering. 

If you are an engineer interested in building a career 
with an expanding and ever-growing Company see your 


college placement director for the next visit of the G-E 


representative on your campus. Meanwhile, for further 
information on opportunities with G.E., write to College 
Editor, Dept. 2-123, General Electric Co., Schenectady 


S, MN. 


DEVELOPMENT ENGINEERING— Development 
engineers are continually obtaining and 
assessing new basic engineering and scien- 
tific knowledge to make possible new de- 
velopments. They serve as consultants to 
help in the solutions of engineering prob- 
lems, which often require research, experi- 
mentation, and the development of a new 
product or component. 
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DESIGN ENGINEERING—To maintain leader- 
ship in the electrical field, design engineers 
are constantly striving to develop new and 
better products. Their skill is largely respon- 
sible for the steam and gas turbines, motors, 
heat pump, control equipment, and many 
other products. In electronics, they design 
equipment for television broadcasting and 
reception, radar, and other electronic equip- 
ment. 


APPLICATION ENGINEERING—Since much 
equipment today is designed for a specific 
use, the application engineer must have a 
broad knowledge of the industry for which 
a particular product is being designed. Be- 
cause G-E products are widely used through- 
out industry, imagination, determination, 
and a sound knowledge of ergineering are 
important assets in this ever-growing field. 


GENERAL @@ ELECTRIC 





